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are based on a simple model. They apply 
a small direct current to the tooth under 
investigation of known voltage. The resist-
ance at each level of the RCS can be cal-
culated using these two variables using 
Ohm’s Law. At the periodontal ligament 
space (PDLS), the resistance of the circuit 
will equal 6.5 kΩ and the RBEAL are pro-
grammed to detect this value (Fig. 1).

Although these devices were accu-
rate under dry conditions, their accuracy 
decreased when electrolytes, pulp tissue, 
inflammatory exudate or excessive haem-
orrhage were associated with the RCS.4,5 
As soon as the file tip touched an electro-
lyte, the direct current (DC) voltage would 
polarise the tissue, complete the circuit 
and incorrectly register that the PDLS had 
been reached. The devices also ignored 
the capacitance component of the circuit. 
Furthermore, the use of a DC would often 
cause an electric shock sensation to be 
felt by the patient which is clearly disad-
vantageous.6 The fact that these devises 
were less reliable than using radiographs 
to determine RCS length7 led practitioners 
to stop using them.

IMPEDANCE BASED (FIRST GEN-
ERATION) APEX LOCATORS (IBAL)

To overcome the aforementioned prob-
lems, the next set of EALs were based on 
the impedance of the circuit set up within 

INTRODUCTION

In Part 1 of this series, readers were intro-
duced to the micro-anatomical features 
of the apical terminus and the ability of 
a tooth to function as a capacitor. In the 
second part of this series, readers will be 
introduced to: (a) the different types of 
electronic apex locator (EAL); (b) their 
modes of action; (c) their relative accu-
racies and (d) methods to optimise their 
success in clinical practice.

RESISTANCE BASED (FIRST GENER-
ATION) APEX LOCATORS (RBEALS)

Sunada1 carried on earlier work by Custer2 
and Suzuki3 and determined that the elec-
trical resistance between an endodontic 
instrument at the apical foramen and an 
electrode attached to oral mucous mem-
brane was approximately 6.5 kW. RBEALs 
(such as the Root Canal Meter (Onuki 
Medical Co., Tokyo) and Dentometer 
(Dahlin Electromedicine, Copenhagen) 

A number of electronic apex locators are available for use during endodontic treatment. The use of third and fourth 
generation electronic apex locators (EAL) are recommended to help clinicians determine the apical limit of the root canal 
system (RCS). The presence of different irrigating media in the RCS does not impact significantly on the performance of 
third/fourth generation apex locators. The devices are most accurate at determining the apical limit when the attached en-
dodontic file contacts the periodontal ligament space and the visual analogue displays ‘Apex’ or ‘0.’ Given the accuracies of 
modern generation EALs, the clinician should be able to consistently identify the apical limit of the tooth under treatment. 
Their use in conjunction with appropriate radiographs and the clinician’s knowledge of average RCS lengths and anatomy 
will maximise the successful outcome of any orthograde endodontic treatment. 

the RCS. This would in theory be more 
accurate than the solely resistive devices. 
However, the impedance (and therefore 
capacitance) of the RCS was dependent on 
many variables and would vary between 
different RCSs. Consequently, the biggest 
disadvantage for IBALs was the need for 
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• Describes the different generations 
of electronic apex locators, how they 
function and their relative accuracies.

• Describes how the use of third and fourth 
generation electronic apex locators are 
recommended to help clinicians determine 
the apical limit of the root canal system.

• Describes clinical tips to help optimise 
the use of an electronic apex locator 
whilst carrying out orthograde root canal 
therapy.
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Fig. 1  Schematic representation of an 
endodontic instrument, the root canal 
system and the periodontium functioning 
as a capacitor. (From Nekoofar et al.14). The 
resistance of the system is 6.5 kW when a 
file touches the PDLS at the apical foramen. 
Different irrigants in the RCS will have 
different diaelectric constants (ε) (Part 1 of 
this series, Fig. 4)  EALs need to take this 
feature into account to avoid generating 
inaccurate readings
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individual calibration between each tooth. 
To decrease the variable capacitance fea-
tures the circuit, EALs like the Endocater 
(Hygenic Corp., Akron, OH, USA) were 
developed which incorporated an insulated 
file. However, the insulated sheath could 
not enter narrow canals and was often 
rubbed off.8 Furthermore IBALs often gave 
inaccurate readings when used in canals 
containing electrolytes. Different fluids 
within the RCS will each have different 
diaelectric constants (ε) (Fig. 1). This will 
clearly alter the capacitance of the entire 
circuit (a phenomenon that the device is 
not accounting for) and may generate 
erroneous readings.

The literature pertaining to second 
generation EALS reports much variation 
in terms of their accuracy. Fouad et al.8 
looked at the Endo Analyser (Analytic/
Endo, Orange, California, USA) and Apex 
Finder and noted that they were only accu-
rate 67% of the time at being +/− 0.5 mm 
from the apex. The accuracy of the Sono-
Explorer has been found to vary con-
siderably between 48%9 to 92%.10 These 
reported differences in accuracy are prob-
ably due to differences in methodology. 
The Endocater was also of variable accu-
racy. McDonald and Hovland11 noted that 
the EAL was 93% accurate while Keller et 
al.12 reported a much lower figure of 68%. 
The Formatron IV was found to be accurate 
to being +/− 0.5 mm away from the apex 
only 65% of the time.13 However, like most 
IBALs, it was found to be inaccurate in the 
presence of conductive irrigants (with dif-
ferent diaelectric constants), a shortcom-
ing which the manufacturers were quick 
to point out. 

THIRD GENERATION ELECTRONIC 
APEX LOCATORS (TGEALS) (FIG. 2)

These use multiple frequencies to deter-
mine the distance between an endodontic 
instrument and the end of a canal, unlike 
second generation EALs which only use a 
single AC of known frequency. Some third 
generation EALs work by calculating the 
impedance ratio of two electric currents 
with different sine wave frequencies. One 
sine wave will be of a high frequency (HF) 
while the other will have a low frequency 
(LF). The impedance of the system is meas-
ured at each individual frequency and the 
position of the file is determined from the 
ratio described below:14 

Equation 1: Ratio = HK
                             LF

The quotient of these two sine 
wave frequencies is nearly 1 when the 
endodontic file is some distance from the 
apical terminus.15 However, at the AC, the 
capacitive effect of the impedance variable 
plays a much bigger role and the ratio of 
Equation 1 approaches a value of 0.67.16 It is 
this change in ratio at the apical constriction 
which some third generation EALs detect. 
This phenomenon is clearly related to the 
morphology of the AC. If it is absent or the 
canal has an open apex, the accuracy of 
these devices has been shown to diminish.17,18

Unlike IBALs, the accuracy of third gen-
eration EALs tends to be unaffected by the 
presence of electrolytes in the RCS. This 
is unsurprising because although different 
electrolytes will have different dielectric 
constants (Equation 2), the change in con-
stant (between different media) will equally 
affect both the numerator and denomi-
nator of the frequencies in Equation 1. 
Given that mathematically they ‘cancel 
each other out’ because a quotient is being 
derived, the final ratio will be unaffected 
by a change in electrolyte.15

Equation 2: C= ε × A
                         D
C =  The capacitance of the tooth.
A =  The surface area of the endodontic 

file in the RCS (conductor) and the 
PDLS (conductor) (Fig. 1).

D =  The distance between the endodontic 
file and the PDLS.

ε =  Diaelectric constant of the irrigant in 
the RCS (Fig. 1).

The Root ZX (J. Morita, Tokyo, Japan) 
is an example of a third generation EAL. 
It is based on two electric currents which 
have a frequency of either 8 kHz or 400 
Hz. The instruction manual claims that the 
device measures the position of the AC, 
as indicated by a ratio value of 0.67 (cal-
culated by Equation 1). The Root ZX has 
been studied exhaustively in the dental lit-
erature. Unsurprisingly, it produces more 
stable electronic readings when the RCS 
contains an electrolyte (such as NaOCl).19 
It is, however, less accurate when the RCS 
has low conductance (for example, if it 
is completely dry or contains alcohol). By 
stark contrast, second generation EALs 
(like the Apex Finder) are more accurate 
when the RCS is dry and produce less 

stable electronic measurements when an 
electrolyte is present in the RCS.19 This is 
not surprising as second generation EALs 
do not account for the change in capaci-
tance properties that are accompanied by 
a change in electrolyte.

In vitro when used on permanent teeth, 
the accuracy of the Root ZX varies from 
84% (within 0.5 mm of the CDJ or AC 
depending on the reference point20,21) to 
100%.22 In the presence of different irri-
gants, the accuracy was similarly found 
to be very high, with reported accuracies 
varying from 83%23 to 96%.24 The presence 
of different irrigants did not appear to sta-
tistically affect the accuracy of the EAL to 
determine the position of the AC.25-28 This 
was not surprising as the Root ZX EAL 
works on the impedance quotient high-
lighted in Equation 1 and will therefore 
function independently of the electrolyte 
(and its ε) within the RCS. 

In vivo studies that have extracted the 
teeth (after investigation) have reported 
similar accuracies for the Root ZX rang-
ing from 83%29 to 100%.30 With both the 
in vivo and in vitro studies, the authors 
correctly used the actual length of the 
extracted teeth to determine RCS length. 
However, the sample sizes under analysis 
were (in some instances) very small (n = 16 
teeth). There was also uncertainty relating 
to operator blinding, which would clearly 
introduce bias into the study.

The Root ZX has been combined with a 
handpiece to determine the length of the 

Fig. 2  An example of a third generation EAL, 
the Dentaport ZX
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RCS as a rotary file is being used.31 This 
is sold as the Tri-Auto ZX (with an inte-
grated handpiece) but more recently as the 
Dentaport ZX. The Tri-Auto ZX has been 
found to have a similar accuracy to the 
Root ZX at 95%.32 However, Siu et al.33 
reported that the use of rotary endodon-
tic instruments integrated with an EAL 
was not as accurate as using hand files 
in conjunction with a separate EAL. They 
noted that in 100% of cases where hand 
files were used, the determined RCS length 
was within 0.5 mm of the AC. However, 
when the rotary handpiece/integrated EAL 
was used, the electronically determined 
length was only within 0.5  mm of the 
AC in 50% (or less) of cases. The authors 
proposed that perhaps EALs need time to 
process the position of a file within the 
RCS. Rotary instruments are used with a 
continuous motion while hand files are 
controlled more slowly. This may account 
for the increased accuracy observed when 
using hand files in this situation.   

The accuracy of the Root ZX may be 
unaffected by whether the tooth under 
investigation is necrotic or not. Dunlap et 
al.34 noted that the mean distance from 
the AC was 0.21 in vital teeth and 0.49 in 
necrotic teeth. There was no statistically 
significant difference between these two 
values. Indeed the findings of this paper 
are surprising. A non-vital tooth with an 
apical area may have significant amounts 
of apical resorption occurring. This may 
destroy the AC and increase the width 

of the major foramen17 and therefore its 
resistance properties. If this does occur 
histologically, the resistance of a resorbed 
apex would be higher than that of a non-
resorbed apex. Therefore the impedance 
change as the foramen is reached would 
be less for a necrotic tooth than a vital 
tooth, suggesting that EALs should work 
less effectively in non-vital teeth. Indeed 
EALs have been shown to be less accurate 
when the width of the major foramen is 
greater than 0.2 mm. Stein et al.35 found 
that as the width increased, the distance 
between an endodontic file and the fora-
men also increased. Taking this property 
to an extreme, the same phenomenon has 
also been observed in teeth with open api-
ces. Electronically determined RCS lengths 
were often short when used on immature 
teeth with blunderbuss apices due to 
the instruments not touching the canal 
walls.18,36 Again this is not surprising as the 
impedance change at the apex would be 
far less abrupt in an immature tooth than 
a tooth with a fully formed apex (Fig. 3). 
Perhaps the degree of resorption affecting 
the non-vital teeth in Dunlap’s study34 was 
not sufficient to alter the resistance of the 
apical terminus.

The Apex Finder, Model 7005 (Analytic 
Endodontics, Orange, California) is multi-
frequency based EAL that uses five differ-
ent frequencies (0.5, 1, 2, 4 and 8 kHz) to 
measure the length of a RCS. Pommer at 
al.37 reported that it correctly identified the 
position of the AC in 94% of vital canals, 

but only 77% of the time in necrotic 
canals. Their statistical analyses suggested 
that these two values were significantly 
different from one another. Unlike Dunlap 
et al.’s study,34 the findings of Pommer et 
al.37 suggest that third generation EAL 
work better in vital canals than necrotic 
canals. This makes sense from an imped-
ance change (at the AC) point of view. 
However, their methodology was flawed 
in that the authors used the radiographic 
apex as their reference point to determine 
the position of the AC. This can lead to 
error as there may be considerable differ-
ence between the actual AC and the radio-
graphic apex.38

FOURTH GENERATION APEX 
LOCATORS (FGEAL) (FIG. 4)

The Ray-Pex 4 and 5 (Forum Engineering 
Technologies, Rishon Lezion, Israel) are 
examples of fourth generation EALs. 
Although it uses two frequencies of 400 Hz 
and 8 KHz to determine RCS length, the 

Fig. 4  An example of a fourth generation 
EAL, the Ray-Pex 4

Fig. 3a  UL1 with immature apex and apical 
infection. A third generation EAL was not 
able to accurately determine its position

Fig. 3b  The apex was determined using the 
paper point technique (Part 1 of this series)

Fig. 3c  The UL1 post obturation with 
thermoplastic gutta percha
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device only uses one frequency at a time 
(unlike third generation EALs which use 
both simultaneously). The manufacturers 
claim that using each frequency separately 
and by calculating the standard devia-
tion of the differences between the two 
frequencies increases the accuracy of the 
device.39 This seems logical as the use of 
a single, separate frequency signal would 
eliminate the need for a filter (which would 
clearly be necessary if two signals were 
being measured simultaneously). The elec-
trical ‘noise’ inherent in these filters may 
decrease the accuracy of the third genera-
tion EAL. The manufacturers claim is based 
on the fact that the Ray-Pex 4 does not 
incorporate a filter and therefore may be 
more accurate than a third generation EAL. 

Whether or not this is actually the case 
is unclear. El Ayouti et al.40 reported that 
the Root ZX was more accurate at deter-
mining the apical terminus (within 1 mm) 
compared to the Ray-Pex 4. Wrbas et al.,41 
Pascon42 and Stoll43 found no difference in 
accuracy between the Dentaport ZX and 
the Ray Apex EAL. Kaufman et al.44 simi-
larly noted that there was no difference 
between the two EALs in the presence of 
different irrigating media. 

Although it is not known whether fourth 
generation EALs are any more accurate than 
third generation EALs, it is wise to remove 
any excess fluid form the pulp chamber to 
prevent the system from short-circuiting.45 
For similar reasons, it is also wise to remove 
any metallic restorations from the access 
cavity to prevent any electrical shunting.6

The Elements Diagnostic Unit and Apex 
Locator (Sybron Endo, Anaheim, California, 
USA) is another type of FGEAL. It assimilates 
resistance and capacitance measurements 
and compares them to an internal database to 
determine the distance between an endodon-
tic file and the apical terminus.39 The device 
uses two frequencies: 0.5 kHz and 4 kHz. The 
signals are converted to an analogue signal, 
which is subsequently amplified before being 
passed on to some form of resistor/capacitor 
based parallel circuit. The resultant wave-
forms are then processed to reduce noise, 
which will reduce error and produce con-
sistently more accurate readings regarding 
the position of the apical terminus.39

TIPS FOR CLINICAL SUCCESS
1. Radiographs: A pre-operative 

radiograph is essential to obtain 

information about the RCS’s shape/
anatomy, before accessing the pulp 
chamber and using an EAL to deter-
mine the estimated WL. 

2. The access cavity: Any metallic 
restorations should be removed from 
the access cavity to prevent electrical 
shunting.6 There should be no fluid 
in the pulp chamber. A gentle drying 
with the three in one air-jet should 
suffice. Generally speaking, modern 
apex locators work best in a ‘moist’ 
environment. This can be achieved by 
incomplete drying with the paper point.

3. The irrigating media: The presence 
of different irrigating media in the 
RCS does not impact significantly on 
the performance of third/fourth gen-
eration apex locators.26 One simply 
must ensure that the irrigant has not 
flooded the pulp chamber.

4. The endodontic file: An endodontic 
file that will contact the walls of the 
RCS should be attached to the EAL. The 
metal which the file is made of does 
not affect the accuracy of the EAL.46

5. The ‘Apex (or 0)’ reading: Advance 
the file until the visual analogue 
displays ‘Apex’ or ‘0’. EALs are most 
accurate when the file contacts the 
PDL and the display shows an ‘Apex’ 
or ‘0’ reading.20 The ‘0.5’ or ‘1’ read-
ings on the visual display do not 
indicate mm distances from the AC 
or AF. Therefore it may be wise to 
advance an instrument to the ‘Apex’ 
or ‘0’ reading, and then manually 
subtract 0.5 mm from the measured 
WL. This will ensure that the file is 
within the RCS but still close to the 
PDL14 (Fig. 4).

6. Re-checking the WL: The working 
length should be re-checked with an 
EAL, after the coronal two thirds of 
the RCS has been shaped. Shaping 
the coronal portion of the RCS will 
decrease the effective curvature of 
the canal. This may reduce the initial 
WL of the tooth. Therefore its length 
needs to be re-measured before shap-
ing the apical terminus. 

7. The battery: Low voltages cause 
electronic errors.47 Therefore ensure 
that the EAL’s batteries are well 
charged before using them, to  
prevent erroneous readings from 
being generated. 

8. Perforations: If a periodontal perfora-
tion is suspected, an EAL can be used 
to check whether the integrity of the 
RCS has been breached. A small file 
should be attached to the device (to 
minimise any further trauma to the 
PDL space) and applied to the sus-
pected perforation site. Any contact 
with exposed PDL will complete the 
circuit and register as an ‘Apex (or 
zero)’ reading.48 This will alert the oper-
ator that a perforation is present and 
that local measures need to be taken to 
restore the integrity of the RCS. 

9. Unstable readings: The ‘Apex read-
ing’ should only be accepted as being 
accurate if the scale bar of the EAL 
visual analogue is (a) stable and (b) 
moves in symphony with the move-
ments of the file in the RCS.49 If the 
visual scale bar of the EAL (a) flashes 
intermittently, (b) moves erratically 
from one position to another or (c) 
displays no bars at all, the ‘Apex 
reading’ should not be accepted as 
being accurate. Obliterated RCSs can 
increase the incidence of inconsist-
ent/unstable readings.49 The operator 
should check that the batteries are 
fully charged and the pulp chamber 
contains no fluidic or metallic based 
substances. If the device still does 
not work, the operator may not be 
able to use the EAL for that visit and 
use other methods to determine the 
WL. Excessive inflammatory exudate 
in the RCS may cause the electri-
cal circuits to shunt within the EAL 
and produce erroneous readings. 
The operator may have to dress the 
RCS with an appropriate intracanal 
medicament to induce apical heal-
ing. The EAL should then be used to 
check the WL at a subsequent visit.

DISCUSSION
This two-part series of papers on EALs has 
updated readers on the different means of 
determining the WL of a tooth, the different 
types of EAL and ways of optimising their 
use in clinical practice. Although numer-
ous devices are available on the market, 
the clinician ultimately has to use the EAL 
which he or she feels most confident and 
comfortable working with. This can only 
be ascertained with time and practice, and 
may involve the clinician having to use 
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multiple EALs before identifying one that 
is optimal for use.  

Modern EALs are reasonably priced. 
They have a proven track record for cor-
rectly identifying the apical limit of the 
RCS. If practitioners wish to purchase an 
EAL, they are strongly advised to invest in 
either a third or fourth generation device 
as they appear to be the most accurate 
and consistent. Their use (supplemented 
with adjunctive radiographs and the cli-
nician’s knowledge of a RCS’s average 
length) should help to correctly identify 
the apical limit of the RCS. Given that 
only a 2 mm margin of error exists for 
correctly identifying the limit of a RCS,50 
the adjunctive use of an EAL during RCT 
cannot be overstated. They can be used 
to confirm the presence of a perforation,48 
and can help accelerate the time it takes 
to complete a given RCT. Brunton et al.51 
noted that fewer diagnostic radiographs 
were needed to confirm the apical limit of 
an RCS when images were supplemented 
with an EAL. This would not only accel-
erate the time taken to complete a RCT, 
but would also reduce the patient’s expo-
sure to radiation. Given the accuracies of 
modern generation EALs, the clinician 
should be able to consistently identify the 
apical limit of the RCS under treatment. 
Their use in conjunction with appropriate 
radiographs and the clinician’s knowledge 
of average RCS lengths and anatomy will 
maximise the successful outcome of any 
orthograde endodontic treatment.

The authors would like to thank Mr Colin Sullivan, 
Medical and Dental Illustration, Leeds Dental 
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1. Sunada I. New method for measuring the length of 
the root canal. J Dent Res 1962; 41: 375–387.

2. Custer L E. Exact methods of locating the apical 
foramen. J Natl Dent Assoc 1918; 5: 815–819.

3. Suzuki K. Experimental study on iontophoresis.  
Jpn J Stomatol 1942; 16: 411–429.

4. Pommer O, Stamm O, Attin T. Influence of the canal 
contents on the electrical associated determination 
of the length of root canals. J Endod 2002;  
2: 83–85.

5. Suchde R V, Talim S T. Electronic ohmmeter. An 
electronic device for the determination of the root 
canal length. Oral Surg Oral Med Oral Pathol 1977; 
43: 141–149.

6. Kim E, Lee S J. Electronic apex locator. Dent Clin 
North Am 2004; 48: 35–54.

7. Tidmarsh B G, Sherson W, Stalker NL Establishing 
endodontic working length: a comparison of 

radiographic and electronic methods. N Z Dent J 
1985; 81: 93–96.

8. Fouad A, Krell K, McKendry D, Koorbusch G, Olson R. 
Clinical evaluation of five root canal length meas-
uring instruments. J Endod 1990; 16: 446–449.

9. Seidberg B H, Alibrandi B V, Fine H, Logue B. Clinical 
investigation of measuring working lengths of root 
canals with an electronic device and with digital-
tactile sense. J Am Dent Assoc 1975; 90: 379–387.

10. Inoue N. An audiometric method for determining 
the length of root canals. J Can Dent Assoc 1973; 
39: 630–636.

11. McDonald N J, Hovland E J. An evaluation of the 
apex locator Endocater. J Endod 1990; 16: 5–8.

12. Keller M E, Brown C E, Newton C W. A clinical 
evaluation of the Endocater - an electronic apex 
locator. J Endod 1991; 17: 271–274.

13. Himel V, Cain C. An evaluation of two elec-
tronic apex locators in a dental student clinic. 
Quintessence Int 1993; 24: 803–806.

14. Nekoofar M H, Ghandi M M, Hayes S J, Dummer 
P M H. The fundamental operating principles of 
electronic root canal length measuring devices. Int 
Endod J 2006; 39: 595–609.

15. Kobayashi C, Suda H. New electronic canal measur-
ing device based on the ratio method. J Endod 
1994; 20: 111–114.

16. Welk A R, Baumgartner J C, Marshall J G. An In vivo 
comparison of two frequency-based electronic apex 
locators. J Endod 2003; 29: 497–500.

17. Goldberg F, De Silvio A, Manfre S, Nastri N. In vitro 
measurement accuracy of an electronic apex loca-
tor in teeth with simulated apical root resorption.  
J Endod 2002; 28: 461–463.

18. Hulsmann M, Pieper K. Use of an electronic apex 
locator in the treatment of teeth with incomplete 
root formation. Endod Dent Traumatol 1989;  
5: 238–241.

19. Venturi M, Breschi L. A comparison between two 
electronic apex locators: an ex vivo investigation. 
Int Endod J 2005; 40: 362–373.

20. Ounsi H. Naaman A. In vitro evaluation of the reli-
ability of the Root ZX electronic apex locator. Int 
Endod J 1999; 32: 120–123.

21. White P, Austin B, Walia H, Dhuru V. Comparison  
of accuracy of four apex locators. J Endod 1996; 
22: 216.

22. Czerw R J, Fulkerson M S, Donnelly J C, Walmann 
J O. In vitro evaluation of the accuracy of several 
electronic apex locators. J Endod 1995;  
22: 572–575.

23. Meares W A, Steiman H R. The influence of sodium 
hypochlorite irrigation on the accuracy of the Root 
ZX electronic apex locator. J Endod 2002;  
28: 595–598.

24. Shabahang S, Goon W W, Gluskin A H. An in vivo 
evaluation of Root ZX electronic apex locator.  
J Endod 1996; 22: 616–618.

25. McGinty D T, Fabre D D, Miller D A, Lautenschlager 
E P. Do irrigants affect the precision of apex loca-. Do irrigants affect the precision of apex loca-Do irrigants affect the precision of apex loca-
tors? J Endod 1996; 22: 195.

26. Jenkins J A, Walker W A, Schindler W G, Flores C M. 
An in vitro evaluation of the accuracy of the Root 
ZX in the presence of various irrigants. J Endod 
2001; 27: 209–211.

27. Kobayashi C. Electronic canal length measurement. 
Oral Surg Oral Med Oral Pathol 1995; 75: 226–231.

28. Meares W, Steiman H. The influence of sodium 
hypochlorite irrigation on the accuracy of the  
Root ZX electronic apex locator. J Endod 2002;  
28: 595–598.

29. Pagavino G, Pace R, Baccetti T. A SEM study of in 
vivo accuracy of the Root ZX electronic apex loca-
tor. J Endod 1998; 24: 438–441.

30. Vajrabhaya L, Tepmongkol P. Accuracy of apex loca-. Vajrabhaya L, Tepmongkol P. Accuracy of apex loca-Vajrabhaya L, Tepmongkol P. Accuracy of apex loca- loca-loca-
tor. Endod Dent Traumatol 1997; 13: 180–182.

31. Kobayashi C, Yoshioka T, Suda H. A new 

engine-driven canal preparation system with 
electronic canal measuring capability. J Endod 1997; 
23: 751–754.

32. Grimberg F, Banegas G, Chiacchio L, Zmener O. In 
vivo determination of root canal length: a prelimi- determination of root canal length: a prelimi-determination of root canal length: a prelimi-
nary report using the Tri Auto ZX apex-locating 
handpiece. Int Endod J 2002; 35: 590–593.

33. Siu C, Gordon Marshall J, Baumgartner J C. An In 
Vivo Comparison of the Root ZX II, the Apex NRG 
XFR, Mini Apex Locator by Using Rotary Nickel-
Titanium Files. J Endod 2009; 35: 962–965.

34. Dunlap C A, Remeikis N A, BeGole E A, 
Rauschenberger CR. An in vivo evaluation of  
an electronic apex locator that uses the ratio 
method in vital and necrotic canals. J Endod 1998; 
24: 48–50.

35. Stein T J, Corcoran J F. Anatomy of the root apex 
and its histologic changes with age. Oral Surg Oral 
Med Oral Pathol 1990; 69: 238–242.

36. Wu Y N, Shi J N, Huang L Z, Xu Y Y. Variables affect-. Wu Y N, Shi J N, Huang L Z, Xu Y Y. Variables affect-Wu Y N, Shi J N, Huang L Z, Xu Y Y. Variables affect-
ing electronic root canal measurement. Int Endod J 
1992; 25: 88–92.

37. Pommer O, Stamm O, Attin T. Influence of the  
canal contents on the electrical associated deter-
mination of the length of root canals. J Endod 2002;  
2: 83–85.

38. Gutierrez J H, Aguayo P. Apical foraminal openings 
in human teeth, Number and location. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 1995;  
79: 769–777.

39. Gordon M P J, Chandler N P. Electronic apex loca-
tors. Int Endod J 2004; 37: 425–437.

40. El Ayouti A, Weiger R, Lost C. The ability of root ZX 
apex locator to reduce the frequency of overesti-
mated radiographic working length. J Endod 2002; 
28: 116–119.

41. Wrbas K T, Ziegler A A, Altenburger M J, 
Schirrmeister J F. In vivo comparison of working 
length determination with two electronic apex 
locators. Int Endod J 2007; 40: 133–138.

42. Pascon E A, Marrelli M, Congi O, Cianocio R, Miceli 
F, Versiani M A. An in vivo comparison of working 
length determination of two frequency-based 
electronic apex locators. Int Endod J. 2009;  
42: 1026–1031.

43. Stoll R, Urban-Klein B, Roggendorf M J, 
Jablonski-Momeni A, Strauch K, Frankenberger R. 
Effectiveness of four electronic apex locators to 
determine distance from the apical foramen. Int 
Endod J 2010; 43: 808–817.

44. Kaufman A Y, Keila S, Yoshpe M. Accuracy of a new 
apex locator: an in vitro study. Int Endod J 2002;  
35: 186–192.

45. Robinson S, Brunton P. Endodontic length deter-. Robinson S, Brunton P. Endodontic length deter-Robinson S, Brunton P. Endodontic length deter-
mination - what lengths should we go to? Dent 
Update 2008; 35: 678–683.

46. Nekoofar M H, Sadeghi K, Sadaghi Akha E, 
Namazikhah M S. The accuracy of the Neosono 
Ultima EZ apex locator using files of different 
alloys: an in vitro study. J Calif Dent Assoc 2002;  
30: 681–684.

47. Simon S, Machtou P, Adams N, Tomson P, Lumley 
P. Apical limit and working length in endodontics. 
Dent Update 2009; 36: 146–153.

48. Ingle J, Himel T, Hawrish C et al. Endodontic cavity 
preparation. In Ingle J, Bakland L (eds). Endodontics. 
pp 517–525. Hamilton, Ontario: BC Decker, 2002.

49. El Ayouti A, Dima E, Ohmer J, Sperl K, Von Ohle 
C, Lost C. Consistency of apex locator function: a 
clinical study. J Endod 2009; 35: 179–181.

50. Ng Y-L, Mann V, Rahbaran S, Lewsey J, Gulabivala K. 
Outcome of primary root canal treatment: system-
atic review of the literature - Part 2. Influence of 
clinical factors. Int Endod J 2008; 41: 6–31.

51. Brunton P A, Abdeen D, MacFarlane T V. The effect 
of an apex locator on exposure to radiation during 
endodontic therapy. J Endod 2002; 28: 524−526.

BRITISH DENTAL JOURNAL  VOLUME 214  NO. 5  MAR 9 2013 231

© 2013 Macmillan Publishers Limited.  All rights reserved. 


	An overview of electronic apex locators: part 2
	Introduction
	Resistance based (FIRST generation) Apex Locators (RBEALs)
	Impedance based (FIRST generation) Apex locators (IBAL)
	Third generation Electronic Apex locators (TGEALs) (Fig. 2)
	FOURTH generation Apex Locators (FGEAL) (Fig. 4)
	Tips for Clinical Success
	Discussion
	Acknowledgements
	Note
	References




