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Abstract

The aim of this in vitro study was to compare the precision in determining the working length through three methods: radiological, electronic and tactile-sensitivity.
Material and method: The working length was determined in 30 extracted teeth with single straight completely formed root canals. An X-ray image was made on each
tooth and it was used as orientation in determining the working length. The teeth were randomized in three groups by the method used for determining the working
length: | group — determination with an apex locator, Il group - x-ray method and Il group - sensitivity-tactile working length determination. In order to directly determine
whether there is a matching of the required reference point with the physiological apical constriction, the apical third was opened to the full exposure of the root canal.
We analyzed the apical part of the samples under 3X magnification. Results: Among the three groups examined, the electronic apex locator shows the exact position
of the apical reference point in determining the working length. There was no statistically significant difference between the results obtained with the electronic and the
radiological method, but the difference between the electronic and the x-ray and tactile-sensitivity method is statistically significant. Conclusion: Determining the work-
ing length of the root canal with an apex locator is simpler and faster than using the radiographic method, while reducing the need for unnecessary exposure to radia-
tion. Key words: apical foramen, apical constriction, electronic apex locator, endodontic therapy, radiographic odontometric method, tactile-sensitivity method

AncTpakr

Llenta Ha oBa in vitro ucnuTyBare Gelue Aa ce cropeau MpeuyMsHocTa Bo oapedyBate Ha paboTHaTa [OMmKMHA MPeKy TPU METOAM: PEHATEHOMOLLUKa, enekTpoHeKa 1
TaKTUNHO-ceH3opHa. Matepujan n metoa: PabotHata fomkuHa Gelle oapeayBaHa kaj 30 npaBy eHOKOPEHM ekcTpaxmpany 3abu co LenocHo hopmupaH kopeH. Ha cexoj
3a6 Belle HanpaBeHa peHAareHrpadicka CHUMKA, Koja CrIyXelLLe Kako OpueHTaLyja npy oapeayBatse Ha paboTHata fomkmHa. MpumepowuTe Gea nofeneHn Bo Tpu rpynu
criopef; METOAOT 3a OnpefienyBatbe Ha paboTHaTa foMmkMHa: 1 rpyna - Co MOMOLL Ha anekc - okaTop, 2 rpyna - PeHAreHomNoLLIKa MeTofia 1 3 rpyna - CEH3UTUBHO-TAKTUIHO
onpedenysare Ha pabotHaTa JomkvHa. Co Len AVPeKTHO fia ro YTBpAUME Aanu NocTou coBnaramwe Ha 6apaHata peepeHTHa Touka o (PU3MOMOLLKOTO anukasmHo
CTECHyBat-e, anvkanHata TPeTWHa ja OTBOpaBMe A0 LIEMOCHO EKCMOHMpake Ha KOPEHCKUOT KaHan. AnvkamHuoT Aen Of MpUMEpouuMTe 10 aHanuavpasme Mop
3ronemyBarbe of 3 natv. Pesyntatu: [omery ncnutysaHuTe Tpu rpyni, ENEKTPOHCKVOT aneke NokaTop ja NokaxyBa HajTouHaTa nonumja Ha anvkanHaTta pecepeHTHa
TOuKa Npy 0JpeayBarbeTo Ha paboTHaTa AomkvHA. Momery pesynTaTiTe A0BMEHM CO ENEKTPOHCKATA W PEHATEHONOLLIKaTa METofja He MOCTOELLE CTATUCTYKY 3HaYajHa
pasnuka, Ho paanukata Mery enekTpoHckaTa v PEHATEHOMOLLKATa 1 TaKTUIHO-CEH30pHaTa MeToAa e CTaTUCTUYKM 3HavajHa. 3aknyyok: OppenyBareTo Ha pabotHa
AOMKMHA Ha KOPEHCKVIOT KaHan CO anekc fokatop e NoesHOCTaBHO M Nobp3o OTKOMKY KOpUCTEHe Ha paauorpadickata METoAa, a NpuToa e Hamanewa 1 notpebara o
HenoTpebHo M3noxyBate Ha pagujauvja. KnyyHu 36opoBu: amukaneH OTBOP, amuKanHO CTECHYBake, ENEKTPOHCKW ameKc NoKaTop, eHAOAOHTCKa Tepanuja,
PERAreHomNoLLKa OAOHTOMETPUCKA METOAA, TaKTUIHO - CEH30pHa METoAa

ities and precision of the various methods for determin-
ing the working length.

Introduction

The main goal of endodontic therapy is to thorough-

ly remove the contents of the whole root canal system. The aims of this in vitro study were to compare the

This is achieved by shaping the root canal simultaneous-
ly with intra-canal irrigation and medication. However,
the first step towards endodontic therapy success is
determining the exact length of the canal. Having this in
mind, the purpose of the test is to compare the possibil-

accuracy in determining the working length of three
methods: radiological, electronic and tactile-sensitivity
method, and to assess whether there is a matching of the
exact apical point of the radiological finding with phys-
iological apical constriction.
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Material and methods

30 straight single-rooted extracted teeth with a fully
formed root were used. From the examination, the teeth
were excluded if they were carious, restored or fractured
and if there was root resorption.

Before starting the examination, teeth were placed in
3% sodium hypochlorite to remove all residues from the
periodontal ligament. To avoid any interpersonal differ-
ences, all teeth were processed by one examiner.

Each tooth underwent x-ray imaging, which was
used as an orientation in determining the working length.
For determining the length, a millimeter grid was used
that we set up through the x-ray image. The assumed
working length was established by subtracting 1 mm
from the measured length of the x-ray image (Figure 1).

Figure1. Determining the canal length from the x-ray
image with a millimeter grid

The teeth were prepared by forming the accessory
cavity and at the same time the remnants of the pulp
were removed. The apex of each tooth was placed in the
fresh mixed alginate. All the measurements were per-
formed for a period not longer than 30 minutes to main-
tain the alginate moist, which is especially important
when using apex locator.

The randomly selected teeth were divided into three
groups according to the method used to determine the
working length. The working lengths in the first group
were determined with an apex locator (iPex NSK,
Tokyo, Japan). In order to imitate the natural conditions
in the oral cavity, the roots of the teeth were placed in a
freshly mixed alginate, and the electrode which should
be placed on the patient's lip was placed in the alginate
as well (Figure 2). The resistance of the freshly mixed
alginate is similar to the resistance of the vital tissues in
the oral cavity, and therefore we obtained relevant meas-
urement results.

Figure 2. Teeth from th first group placed in the algi-
nate for determining the working length with an apex
locator

The Ingle method was used for the teeth of the sec-
ond group.. The procedure was as follows: the length of
the canal was measured on the first x-ray image (initial
measurement); Imm was subtracted from the initial
measurement and then the second x-ray image was done
together with the instrument (tentative working length).
After the calculation we obtained the real working
length with an additional Imm shortening as a safety
factor. Schematically, this method is shown in Figure 3.

B. TENTATIVE WORKING LENGTH

23mm

1.5mm

;l +22.0mm

Adjustment for apical reaer—
termination short of 23.5mm
cementodentinal junction — 1.0 mm

Final working length 22.5mm

C.FINAL WORKING LENGTH

s T

N 3 D. SETTING INSTRUMENTS

22.5mm

Figure 3. Schematic presentation of the Ingle method

Working length of teeth from the third group was
determined by the tactile-sensitivity method. To avoid
any subjectivity, the roots of the teeth were also put in
alginate.

After determining the working length, in all groups
of teeth, the canal instrument was placed in the position
previously measured and fixed in the specified position
with glass ionomer cement. A second (or third image for
the second group) X-ray was done, according to which
we determined the accuracy of the measurement in each
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of the three methods examined. The reference point in
our study was located 1 mm shorter of the apical fora-
men as the point of apical constriction or as the WL gold
standard.

In order to analyze the ratio of the top of the canal
instrument with the physiological apical constriction, the
apical third was opened by gradually removing the
dentin on one side, layer by layer with a diamond burr.
When only a thin layer of translucent dentin remained, it
was removed with a scalpel (Figure 4). We analyzed the
apical part of the samples under 3X magnification. The
acceptability of the results obtained was again catego-
rized as in the first part of the test.

Figure 4. Teeth with open;prepared apical part of the
canal. The tips of the canal instruments can be noticed.

Data from both groups were analyzed with the SAS
System and the t-test. Statistically significant we will be
considered the values that are p<0.05.

Results

The obtained data from the precision of the three
methods: electronic, X-ray and tactile-sensitivity are
shown in the following tables. In Table 1, the accuracy
expressed in mm is shown, and in Table 2 they are
grouped according to clinical success or acceptability.

The correct determination was achieved by the elec-
tronic method. Precise determination of the length to the
desired zero level in this method was achieved in 4
cases, and for an additional 5 deviation it was up to + 0.5
mm (acceptable precision) which means that the success
in the in vitro test in single-rooted teeth working length
using the apex locator is 90% (Table 2).

In this part of the test, the acceptable errors were in
the direction of a too high working length, but maximal-
ly 0.5mm. In the X-ray method, accurate results with a
tolerance of + 0.5mm were obtained in 80% of the exam-

ined samples, equal to the number of too high and too
low specified lengths. The accuracy of the tactile-sensi-
tivity method in single-rooted teeth was small and
amounted to 40% with this group, although there was
one case of too high working length, in the other samples
the instrument was shorter. In this group the results were
very uneven.

From the results on frequency distribution of the dis-
tance between the tip of the instrument and the desired
reference point n (%) obtained by the electronic and the
radiological method there was no statistically significant
difference (p=0.5390). Among the results of odontome-
try obtained with the electric and tactile-sensitivity
(p=0.0154), as well as between the X-ray and the tactile-
sensitivity method (p=0.0343), there were statistically
significant differences.

The results that provide in what measure the radi-
ographic image is, is a real indicator of the structures in
the apical part, i.e. how close is the tip of the instrument,
whose radiographic images to the apical constriction
(physiological foramen) are shown in Tables 3, 4, 5 and
6. We measured these results after opening the root canal
in the apical part. In all examined samples, the apical
aperture and apical constriction were clearly visible.

Table 1. Number of teeth according to the distance
between the tip of the instrument and the desired refer-
ence point n (%) obtained by three examined methods

D.istance Electronic X-ray s:::ittiilji-ty
in mm method method e
>1.1 !
1-0.6 1
0.5-0.1 4 2 2
0 4 4 2
-0.1-0.5 1 2
0.6 - 1 1 2
1.4-2 1 !
2.1-3 2
total 10 10 10

In Table 3, 4 and 5, the difference between the radi-
ographic findings and the direct visualization of the api-
cal part is shown individually for each group where a
different method of odontometry was applied. In 90% of
the samples with electronically determined working
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Table 2. Level of precision of the three examined odon-
tometric methods

logical foramen obtained by the electronic and the x-ray
method, there was no statistically significant difference

(p=0.0694). In respect of the results obtained with the
electronic and tactile-sensitivity method, the differences
were statistically significant (p=0.0154). The difference

between the X-ray and tactile-sensitivity method
(p=0.1914) according to the analysis did not show any

statistically significant differences.

It can be noted that in all examined samples there
was a certain higher position on the tip of the instrument

in the apical constriction than it seems on the X-ray.

Electronic X-ra Tactile-
Results y sensitivity
method method
method
precise 4 4 =
acceptable 5 4 o
error 1 1 5
significant 0 1 .
error
total 10 10 10

Discussion

lengths, and in 60% of the radiographic determined

In-vitro performed examinations are usually consid-

ones, the difference between the tip of the endodontic ~ ered problematic because of the lack of apical periodon-
instrument and the apical constriction was within the  tium. To simulate the clinical conditions, several experi-
range of £+ 0.5 mm. Only 40% of the samples from the ~ mental models are proposed, which suggest different
tactile-sensitivity group had such a match.

Among the results of the frequency distribution of  ple, alginate, agar, saline or gelatin. However, if it is nec-
the distance from the tip of the instrument to the physio- ~ essary to examine the work of electrical apex locators,

media where extracted teeth should be placed, for exam-

Table 3. Electronic measurement according to x-ray image and direct visualization

Up to >11 1 0.5 0 -0.1 -0.6 -11 -21
0.6 0.1 -0.5 -1 -2 -3

x-ray image 2 4 2 1 1

direct visualization 2 3 3 2

Table 4. X-ray measurement according to x-ray image and direct visualization

Up to >1.1 1 0.5 0 -0.1 -0.6 -1.1 -21
0.6 0.1 -0.5 -1 -2 -3

x-ray image 2 4 2 1 1

direct visualization 2 3 3 2

Table 5. Tactile-sensitivity measurement according to x-ray image and direct visualization

Up to >1.1 1 0.5 0 -0.1 -0.6 -1.1 -2.1
0.6 0.1 -0.5 -1 -2 -3

X-ray image 1 2 2 2 1 2

direct visualization 1 1 2 1 1 & 1
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KAPNONOIrnJA  EHOOAOHLNJA

which operate on the principle of electricity, the conduc-
tion of the medium is more important than its biological
properties.

It is best if the material used for this purpose pro-
vides the same electrical resistance as the periodontal
ligament to obtain accurate measurement data'. The algi-
nate has colloidal consistency, which is a good simulator
of the periodontium, it is accessible and easy to prepare.
Among those, the alginate, used in our examination, best
imitates the electrical impedance of the human peri-
odontium’. We made the measurements in the shortest
possible time, to ensure that the alginate is sufficiently
humid.

In the first part of this study, we evaluated the accu-
racy of the methods according to the X-ray image in line
with the same principle as in the usual clinical trial.
Although the radiological odontometric method is still
considered to be the "gold standard" according to which
all other methods are evaluated and is the most used
method for determining the working length in the world,
the obtained results have shown that the most accurate
determination of the working length was achieved by the
electronic method, where the exact determination was
achieved in 90% of the samples tested, if the tolerated
deviation was up to = 0.5mm. Our results were in line
with those of Puri’, Nelson-Filho*, Paludo® and
Shanmugaraj® using the same methodology.

In the paper, the radiographic method according to
Ingle was used, which yields the most accurate results’,
8. Exact results were measured in 80% of the examined
samples, which did not differ statistically from the elec-
tronic, which coincides with the results of Kqiku et al.’.
The tactile-sensitivity method has again proved to be the
most unreliable method for determining the working
length, with the difference between the two methods
being statistically significant.

The second aspect in our in vitro examination was to
determine whether our assumed reference point corre-
sponds to the apical constriction. We determined this by
measuring the distance for which the tip of the instru-
ment in the canal deviated from the apical constriction
after its position was determined by one of the methods
examined. Our results showed that among these three
groups, the electronic apex locator shows the exact posi-
tion of the apical reference point in determining the
working length in endodontics.

According to the results of Vieyra", if the tip of the
instrument is set to exactly Imm from the radiographic
apex, only 32% of the canals will be positioned on the
apical constriction itself, while the remainder will be
between the two apexes (anatomic and physiological).
Another study of Hoer et al."" shows that apical constric-
tion can be accurately determined in 43% of teeth.

This is explained by the correct configuration of the
extracted teeth. As mentioned earlier, the apical con-
striction is the ideal point where the working length
should be. However, it is also known that the exact posi-
tion of the apical foramen can be reliably determined by
the points between the physiological foramen and the
constriction, but they cannot be metrically determined.

According to the results obtained, it can be conclud-
ed that in both methods (electronic and radiographic) the
instrument is set slightly higher than it is monitored on
the X-ray, but this is not as stressed as in the Alothmani
test®, which showed that in 28.5% of the cases the instru-
ment exceeded the length of the canal despite the accept-
able appearance of the recording. Similar conclusions to
ours were obtained by Shanmugaraj® and Ravanshad et
al.”.

According to these results it can be concluded that
the X-ray film should be considered as relative, since it
only shows the relative position of the instrument in rela-
tion to the root and the radiographic peak of the root.
Often, the location of the endodontic instrument tip that
appears to be too low is in the correct position relative to
the reference point'*", and if it appears to be higher, it
means it is really higher and further than the desired ref-
erence point.

However, it should always be borne in mind that X-
ray diagrams show us what cannot be seen with elec-
tronic apex locators, and also the advantages and possi-
bilities of apex locators are much better than X-rays.
This means that confrontation is the best way to deter-
mine the working length. The combination of both meth-
ods achieves the greatest success in work and the best
service for the patient.

Conclusion

There was no statistically significant difference
between the electronic and the x-ray method, and the
two methods yielded good results. A statistically signifi-
cant difference was confirmed between the electronic
and the X-ray versus the tactile-sensitivity method, i.e.
the tactile sensitivity method precision is much smaller.
The use of an electronic apex locator in odontometry is
practical and reliable, mostly due to the reduction of
unnecessary exposure to X-rays.
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