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Sazetak

Svrha rada bila je usporediti to¢nost mjerenja duljine korijenskih kanala apeks-lo-
katorima ES-02 i ES-03 u suhim kanalima te u kanalima ispunjenima natrij-hipoklo-
ritom i etilendiaminotetraoctenom kiselinom. Za pokus je rabljen 31 ekstrahirani
humani jednokorijenski zub. Duljine korijenskih kanala odredene su vizualno pro-
Sirivacem #15, Sto je sluzilo kao kontrolne vrijednosti. Nakon toga zubi su uronje-
ni u posudu sa svjeze zamijeSanim alginatom u koji je postavljena i elektroda te su
obavljena mjerenja s oba uredaja. Na svakom uzorku, za svaki uredaj, mjerile su se
po dvije vrijednosti u suhom kanalu te u kanalu ispunjenom natrij-hipokloritom i ke-
latorom etilendiaminotetraoctenom kiselinom - EDTA. Prva vrijednost je radna dulji-
na odredena prema oznaki -1,0 na ljestvici, odnosno na ekranu, kao mjesto apikal-
nog suzetka. Druga vrijednost je mjerena prema oznaki 0,0 koja oznacava vanjski
otvor korijenskog kanala. Dobiveni rezultati statisticki su obradeni testom MANO-
VA. Kao post-hoc test koristio se Student-t test. Uredajem ES-02 postignuto je 65%,
a ES-03 uredajem 61% mijerenja jednakoj kontroli pri tocki -1,0 u suhim kanalima,
premda razlika izmedu uredaja nije statisticki znatna. Tekuéine u kanalu statisticki
negativno utjecu na to¢nost mjerenja, ali ta je znac¢ajnost oko 10 puta veca kod to¢-
ke mjerenja -1,0 u odnosu prema tocki 0,0.
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Uvod

Odredivanje duljine korijenskog kanala vrlo je
vazan dio endodontskog lijeenja o kojemu uvelike
ovisi krajni ishod. Tradicionalne metode za odredi-
vanje radne duljine (1) bile su: 1. uporaba podata-
ka o anatomskom izgledu zuba i obliku korijenskog
kanala te o srednjim vrijednostima duljine korijen-
skog kanala; 2. taktilni osjet; 3. vlaZnost papirnatog
Stapica i; 4. radioloski nalaz.

Mjesto na kojemu je trebala zavrsSiti instrumen-
tacija i punjenje korijenskog kanala najceSée se

Introduction

Determination of root canal length is a very im-
portant part of endodontic treatment that strongly
influences its final result. Root canal length tradi-
tionally was determined by: 1) knowledge about
anatomy of the tooth and root canal, and average
values of root canal length for each type of the tooth;
2) tactile sensation; 3) moisture on the tip of the pa-
per point and; 4) radiographic method (1).

It was on the radiographs that the point at which
the instrumentation and root canal filling should ter-
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odredivalo radioloski. No, radioloski prikaz zuba je
dvodimenzionalni prikaz trodimenzionalne struktu-
re, pa je ta tehnika prikaza i tumacenja traZenih vri-
jednosti manje precizna (1). Gusta kost te superpo-
zicija anatomskih struktura, kao Sto je zigomati¢na
kost, oteZava odredivanje mjesta apikalnog otvo-
ra. (2). Radioloski otvor cesto se ne poklapa s ana-
tomskim zavrSetkom korijenskog kanala (3), a od-
laganje sekundarnog dentina i cementa pridonosi
pogreSkama u radioloSkom ocitanju mjesta izlaska
kanala u parodont (4). Taktilno-senzorna metoda
ima mnoga ogranicenja - od anatomske razlicitosti
apikalnog suZenja, pa do razli¢itog tumacenja klini-
¢ara kad je rije¢ o osjecaja mjesta apikalnog suze-
nja. Tako je Seidberg sa suradnicima (5) pronasao
da toc¢nost odredivanja apikalnog suZenja taktil-
no-senzornom metodom iznosi oko 60%, Cak i kod
iskusnih stomatologa (5).

Razvojem elektroni¢kih apeks-lokatora endo-
dontsko je lije¢enje postalo brZe, sigurnije i to¢nije.
Elektronicki apeks-lokator (endometar) je uredaj za
odredivanje radne duljine korijenskog kanala tijekom
endodontske terapije sa svoja tri standardna dijela: 1.
labijalnom elektrodom; 2. elektrodom priklju¢enom
na endodontski instrument koji se nalazi u korijen-
skom kanalu; 3. sam uredaj, koji sadrZzava ekran s lje-
stvicom koja pokazuje pomicanje endodontskog in-
strumenta prema otvoru korijenskog kanala.

Endometar radi prema nacelu elektri¢ne provod-
ljivosti tkiva, pa mora biti uspostavljen strujni krug,
Sto omogucuju elektrode priklju¢ene na oralnu mu-
kozu i endodontski instrument. Kad endodontski
instrument dosegne podrucje apikalnog foramena,
uredaj daje neki oblik signala, najcesce zvucni. U
prosjeku, ti uredaji imaju to¢nost mjerenja unutar
0,5 mm od apexa (6).

Elektroni¢ku metodu odredivanja radne duljine
korijenskog kanala prvi je istraZivao Custer (1918.),
a ideju je preuzeo Suzuki (1942.) ¢iji se studij te-
meljio na ispitivanju protoka istosmjerne struje kroz
zub. Registrirao je vrijednosti elektricne otpornosti
izmedu endodontskog instrumenta u korijenskom
kanalu i elektrode na oralnoj mukozi te pretposta-
vio da se na osnovi toga moZe izmjeriti duljina ka-
nala. Sunada (7) je na temelju tih nacela konstrui-
rao jednostavni uredaj koji se koristio istosmjernom
strujom za mjerenje duljine kanala. To je omogu-
¢eno zahvaljuéi zapaZanju da mukozne membrane i
parodont pruzaju elektri¢ni otpor istosmjernoj stru-
ji vrijednosti 6,0 kQ (7). Uporaba istosmjerne struje
uzrokavala je nestabilnost mjerenja, zbog polariza-
cije endodontskog instrumenta.
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minate was determined. However, a radiograph pro-
vides a two-dimensional image of a three-dimen-
sional structure, so this technique of interpretation
of position of the apical foramen is less sensitive
(1). Dense bone structure and superimposition of
anatomical features such as zygomatic arch could
obscure the position of the apical foramen (2). Fre-
quently, the radiological foramen does not coincide
with anatomical termination of the canal (3), and the
apposition of the secondary dentin and cementum
contributes to the false determination of the root ca-
nal ending point (4). Tactile-sensory method has a
lot of limitation, starting with anatomical variety of
the apical constriction to different approach of the
sensation interpretation on the apical constriction
by various clinicians. Seidberg et al. (5) found the
accuracy of this method to be around 60%, even for
experienced clinicians.

Development of the electronic apex locators
made the endodontic treatment faster, safer and
more accurate. Electronic apex locator (endome-
ter) is the device for determination of the root ca-
nal working length during endodontic therapy by
means of three parts: 1) labial electrode, 2) elec-
trode attached to the endodontic file in the root ca-
nal, 3) the device itself with display that shows the
movement of the file to the apical foramen.

Endometer works on the base of the electrical
conductivity of the tissue. Electrodes attached to the
oral mucosa and endodontic file should establish the
electric cycle. When the file reaches the apical fora-
men region, the device gives some kind of signal,
mostly the audio. The accuracy of these devices is
the highest in the area of 0,5 mm from the apex (6).

Custer first investigated electronic method of the
root canal measurement in 1918, followed by Su-
zuki in 1942, who studied the flow of direct current
through the tooth. He registrated the values of the
electrical resistance between the endodontic instru-
ment in the root canal and electrode on oral mucosa,
supposing this could be used for the possible root
canal length measurement. Sunada (7) constructed
a simple device using these principles for the root
canal length measurement, based on the current re-
sistance of the mucosa membranes and periodon-
tal ligament which is constant and 6,0 k2 (7). Di-
rect current caused instability of the measurement
because of the polarization of the endodontic instru-
ment.
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Apeks-lokator razvijao se tijekom nekoliko gene-
racija uredaja i svojstva su mu postajala sve bolja. Po-
stoji nekoliko metoda za odredivanje to¢nosti apeks-
lokatora, a mogu se svrstati u dvije osnovne skupine:
istraZivanja in vitro i istraZivanja in vivo. Tijekom
istrazivanja in vivo endodontski instrument se cemen-
tira u korijenskom kanalu na Zeljenom mjestu, prema
vrijednosti ocitanoj na ljestvici endometra. Nakon to-
ga se zubi ekstrahiraju te se odreduje poloZaj vrha in-
strumenta. Takvim istraZivanjima se najvjernije opo-
nasaju klini¢ki uvijeti (1, 8, 9). Ako ekstrakcija zuba
nije moguca, radna duljina moZe se potvrdivati radio-
grafski. Manjkavost ove metode vezana je za proble-
me radiografskog prikaza zuba (10). In vitro studije
koriste se elektrokonduktivnim materijalima kako bi
se simulirala klini¢ka situacija. IstraZivanjima je po-
tvrdeno da su alginat, Zelatine, agar i salinatne otopine
odgovarajuci mediji u ispitivanjima apeks-lokatora.
No, neki materijali mogu prodrijeti kroz apikalni fora-
men u kanal i tako uzrokovati prerano citanje rezulta-
ta. Cini se da neka in vitro istraZivanja pokazuju toéni-
je rezultate, nego Sto se mogu postici klinicki (1).

Svrha rada bila je usporediti to¢nost mjerenja
duljine korijenskih kanala apeks-lokatorima ES-02
i ES-03 u suhim kanalima te u kanalima ispunjeni-
ma natrij-hipokloritom i etilendiaminotetraoctenom
kiselinom.

Materijali i postupci

U ispitivanju su rabljeni endometri ES-02 (Ar-
tronic, Zagreb, Hrvatska) i ES-03 (Artronic, Za-
greb, Hrvatska).

Za pokus je upotrijebljen 31 ekstrahirani huma-
ni jednokorijenski zub bez vidljive radikularne resor-
pcije ili frakture. Od ekstrakcije do pocetka pokusa,
zubi su bili pohranjeni u formalinu. Zubi su trepani-
rani, krune uklonjene dijamantnim diskom pod vo-
denim hladenjem, a zatim su pohranjeni u fizioloskoj
otopini. Da bi se omogudila uporabljivost i prohod-
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Development of the apex locators goes through
few generations, by improving their characteristics.
There are two major groups of studies that investi-
gate accuracy of the apex locators: in vitro and in
vivo. Investigations in vivo include cementation of
the endodontic instrument inside the root canal at
the measured point. After tooth extraction, the posi-
tion of the instrument tip is examined. These studies
stimulate clinical conditions (1,8,9). If the extrac-
tion is not possible, the position of the instrument
tip could be determined on radiographs. This meth-
od introduces the problems associated with radio-
graphic working length assessment (10). Studies in
vitro use the electro conductive materials to simu-
late clinical conditions. Investigations revealed that
materials such as alginate, gel, agar and saline solu-
tions are appropriate media for apex locator studies.
Some of these media could leak through the apical
foramen into the canal and cause premature read-
ings. It seems that some in vitro investigations give
more accurate results than clinical investigations
(1).

The aim of this study was to compare the accu-
racy of ES-02 and ES-03 endometers for the root
canal measurement in dry canals and canals filled
with sodium hypochlorite and ethilenediaminotet-
raacetic acid.

Materials and methods

The endometers ES-02 (Artronic, Zagreb, Cro-
atia) and ES-03 (Artronic, Zagreb, Croatia) were
used in this investigation.

For the experiment 31 were used extracted hu-
man one-rooted teeth, without visible radicular re-
sorption and fracture. The teeth were stored in for-
malin solution since the extraction. The crowns
were removed by diamond disc with water-cool-
ing, disclosing orifices of the canals. After that the
teeth were stored in saline solution. To check the
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Slika 1. Shematski prikaz odredivanja duljine korijenskog kanala u istraZivanju
Figure 1. Schematic survey of the root canal measurement
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nost kanala svakog uzorka, prohodnost radne dulji-
ne (do apikalnog suZenja) provjerena je endodont-
skim instrumentom #10. Duljine korijenskih kanala
odredene su vizualno endodontskim instrumentom
#15, tipa proSirivaca (Maillefer, Ballaigues, Switzer-
land), te gumenim stoperom i mjerkom, Sto je sluZilo
kao kontrolna vrijednost. Nakon toga zubi su uronje-
ni u posudu sa svjeZe zamijesanim alginatom (Vi-
valNF, Ivoclar Vivadent, Shaan, Liechtenstein) u ko-
ji je postavljena i elektroda te su obavljena mjerenja
s oba uredaja (11). Na svakom uzorku, za svaki ure-
daj, mjerile su se po dvije vrijednosti u suhom kanalu
te u kanalu ispunjenom natrij-hipokloritom i kelato-
rom ili etilendiaminotetraoctenom kiselinom — EDTA
(Calcinase, Lege artis, Dettenhausen, Njemacka). Pr-
va vrijednost je radna duljina odredena prema ozna-
ci -1,0 na ljestvici, odnosno na ekranu, kao mjesto
apikalnog suZetka tj. internog foramena. Druga vri-
jednost mjerena je prema oznaci 0,0 — ona oznacava
vanjski otvor korijenskog kanala. Tijekom mjerenja
osim ljestvice, tj. ekrana uredaja, vrijednosti su bile
potvrdene i zvu¢nim signalom koji se kod ES-02 ure-
daja javlja ako se dosegne vanjski otvor kanala. Mje-
renja su obavljena naizmjence s obzirom na ureda;.
Ako je mjerenje bilo duZe od kontrolnog mjerenja in-
strumentom, tada je razlika dobivala predznak +, a
ako je bilo krace, tada je razlika dobivala predznak -.
Dobiveni rezultati statisticki su obradeni testom MA-
NOVA. Kao post-hoc test koristio se Student-t test.

Rezultati

Razlike izmedu mjerenja apeksnim lokatorima i
vizualnim nac¢inom te postotna distribucija rezultata
prikazane su u Tablicama 1. i 2. Najvise to¢nih mje-
renja postignuto je u suhom kanalu pri tocki mjere-
nja -1,0 od apeksa. U tim uvjetima uredajem ES-02
postignuto je 65%, a uredajem ES-03 61% mjere-
nja jednakih kontroli, premda razlika izmedu ureda-
ja nije statisticki znatna. Ako je to¢ka mjerenja -1,0,
tekucine u kanalu znatno utjecu na to¢nost mjere-
nja, a pri tome vecéi broj mjerenja jednak kontroli
postignut je uredajem ES-02 (27% u kanalu ispunje-
nim hipokloritom i 10% s EDTA-om). No, ako se
kao to¢ka mjerenja koja oznacava apikalni otvor ra-
bi oznaka 0,0 na ekranu uredaja, tada je to¢nost oci-
tanja manja kod suhog kanala obaju uredaja (55%
za ES-02 1 45% za ES-03), pri tome tekucine ma-
nje utjeu na tocnost mjerenja. Student t-test poka-
zuje deset puta manju razliku u mjerenju u kanalu
ispunjenom EDTA-om, ako je to¢ka mjerenja 0,0 te
manji rasap rezultata. DuZa ocitanja u odnosu pre-
ma kontrolnoj vrijednosti dobivana su u vecem po-
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patency, the file #10 (Maillefer, Ballaigues, Swit-
zerland) was inserted in the root canal. As control,
the root canal length was first determined visual-
ly by endodontic file #15 (Maillefer, Ballaigues,
Switzerland), rubber stopper and endodontic ruler.
After that the roots and labial electrode of endo-
meter were inserted in the freshly mixed alginate
(VivalNF, Ivoclar Vivadent, Shaan, Liechtenstein)
(figure 1). The measurements were carried out for
both devices on each sample in dry canal, canal
filled with sodium hypochlorite (NaOCI) and che-
lator, ethilenediaminotetraacetic acid — EDTA (Cal-
cinase, Lege artis, Dettenhausen, Germany). First
measurement was performed according to the sign
-1,0 on the scale or display of endometers as the
point of the apical constriction, e.g. foramen inter-
num. The second measurement point was 0,0 on
the device scale or display as the outer orifice of
the canal. During the measurement the audio signal
confirmed the position of the instrument tip in the
apical region. The measurements were performed
successively with different devices. If the measure-
ment was longer than control the difference was
signed as positive, and if it was shorter the differ-
ence was signed as negative. The results were sta-
tistically analyzed by MANOVA test. As post-hoc
test Student-t test was used.

Results

The differences between visual measurements
and these with apex locators are shown in tables
1 and 2. The most accurate measurements were at
the point -1,0 from apex in dry canal. The endom-
eter ES-02 was accurate in 65%, and ES-03 in 61%
canals under these conditions, although the differ-
ence between devices was not statistically signifi-
cant. The moisture in canal significantly influence
the accuracy of measurement at the point -1,0 and
ES-02 showed the highest number of accurate re-
sults (27% in the canal filled with NaOCI and 10%
in canals with EDTA). But if the point of measure-
ment was 0,0 the accuracy of reading was lower for
the dry canal (55% for ES-02 and 45% for ES-03),
but the influence of fluids in canal on accuracy is
also lower. The difference in measurement of ca-
nals filled with EDTA is ten times lower if the end-
ing point was 0,0 with smaller distribution of the
results. The readings longer than control were in
higher percentage if the measurement point was 0,0
in dry and moisture canals, differently from the -1,0
reading point where the longer reading was noticed
only in dry canals. There is no statistically signifi-
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Tablica 1. Distribucija frekvencija razlika u mjerenju izmedu direktnog mjerenja promatranjem endodontskog instrumenta i
mjerenja endometrima ES-02 i ES-03 u suhim kanalima te kanalima ispunjenima natrij-hipokloritom i kelatorom pri
tocki mjerenja -1,0 od vanjskog otvora kanala.

Table 1.

Distribution of frequency of differences in measurement between direct measurement according to the visual method

and electronic measurements by endometers ES-02 and ES-03 in dry canal and canal filled by sodium hypochlorite
and chelator at measurement point -1,0 from outer canal orifice.

ES-02 ES-03
Razlika mjerenja ® Kanal s Kanal s
Differerjlce iI": Suhi kanal a5 NaOCl ° kelatorom e Suhi kanal ¢ azall s NaOCl * kelatorom e
measurement Dry canal Canall\lﬁlledl with Canal filled with | Dry canal Canal ﬁlledl with Canal filled with
(mm) 108 chelator NEOE chelator
n %o n % n % n % n % n %

1. | (+)0,0-0,5 9 29 3 10
2. 10,0 20 65 8 27 10 19 61 1 3 1 3
3. /(-)0,1-0,5 1 3 7 22 11 36 6 20 7 23 1 3
4. [(-)0,6-1,0 1 3 9 29 13 2 6 6 20 4 13
5. [(-) 1,1-1,5 5 16 3 10 1 3 4 13 1 3
6. [(-) 1,6-2,0 1 3 1 3 2 6
7. 1(-)2,1-2,5 1 3
8. |(-)2,6-3,0 4 13 2 6
9. 1(-)3,1-35 1 3 1 3
10. | (-) 3,5-4,0 6 2 6 1 3
11.| () 4,145 1 3 1 3
12.|(-) 4,6-5,0 1 3
13.|(-) 5,1-5,5 2 6
14.|(-) 5,6-6,0 2 6
15.|(-) 6,1-6,5 1 3 1 3
16. | (-) 6,6-7,0 1 3
17.1(-) >7,0 5 16 5 16 19 61
Ukupno% 100 100 100 100 100 100

n — broj uzoraka ® number of samples

Tablica 2. Distribucija frekvencija razlika u mjerenju izmedu direktnog mjerenja promatranjem endodontskog instrumenta i
mjerenja endometrima ES-02 i ES-03 u suhim kanalima te kanalima ispunjenima natrij-hipokloritom i kelatorom pri
tocki mjerenja -0,0 od vanjskog otvora kanala.

Table 2.

Distribution of frequency of differences in measurement between direct measurement according to the visual method

and electronic measurements by endometers ES-02 and ES-03 in dry canal and canal filled by sodium hypochlorite
and chelator at measurement point -0,0 from outer canal orifice.

ES-02 ES-03
Razlika mjerenja ® Kanal s Kanal s
Differerjlce ili Suhi kanal Lol s NaOCl ° kelatorom e Suhi kanal ¢ Ll & NaOCl ‘ kelatorom e
measurement Dry canal CanaIl\Iﬁlledl i Canal filled with | Dry canal CeiEl ﬁlledl i Canal filled with
(mm) i chelator NEOC chelator
n % n % n % n % n % n %

1. | (+) 0,0-0,5 7 26 3 10 2 6 6 19 1 3 1 3
2. 10,0 17 55 13 42 10 33 14 45 13 42 26
3. [(-)0,1-0,5 6 19 13 42 13 42 11 36 15 49 13 42
4. 1(-)0,6-1,0 2 6 3 10 1 3 6 19
5. [(-) 1,1-1,5 1 3
6. [(-) 1,6-2,0 1 3
7. [(-)2,1-2,5
8. |(-)2,6-3,0
9. [(-)3,1-3,5
10. | (-) 3,5-4,0
11.|(-) 4,1-4,5
12. | (-) 4,6-5,0 1 3
13.|(-) 5,1-5,5
14.|(-) 5,6-6,0
15.|(-) 6,1-6,5
16. | (-) 6,6-7,0
17.1(-) >7,0 1 3 2 6
Ukupno ° Total % 100 100 100 100 100 100

n — broj uzoraka * number of samples
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stotku ako se kao tocka mjerenja rabi 0, O, u suhim
i vlaznim kanalima za razliku od krajnje tocke -1,0
kod koje je duZe ocitanje zapaZeno samo u suhim
kanalima. Statisticki vecéa razlika ne postoji izmedu
mjerenja s oba uredaja u suhim kanalima i vizualnog
mjerenja endodontskim instrumentom kod obje toc-
ke mjerenja, dok ispunjenost kanala natrijevim hipo-
kloritom i EDTA-om dovodi do statisticki znacajne
razlike u mjerenju. To se moZe vidjeti u Tablici 3.

Tablica 3. Student t-test za zavisne uzorke (p > 0,05)
Table 3. Student t-test for paired samples (p > 0,05)
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cant difference between endometers in dry canals
at both measurement points, in contrast to canals
filled with NaOCl and EDTA. This is depicted in
table 3.

rjednosy | Sundardna | Standardna Sig.
e, | e | metnasm| | ar | ol
Mean

e T 3,87E-02 243 4,367E-02 886 | 30 | %382
SO0 00 1 203 316 SET0E-02 | 3584 | 30 001
e 768 1,608 289 | 2658 | 30 012
S0 105K 7,74B-02 265 4768-02 | -1,624 30 | %115
mo e w | o
e 3,126 4,591 825 | 3791 30 001
e S8 0.0 8K 5,806E-02 246 4.418E-02 1,314 30 | *,199
s 271 404 7254802 | 3824 | 30 001
e el 660 1,614 205 | 2240 | 30 033
Pair 10 reamer - BS03 -10SK. 106 360 6458E-02 | 1648 | 30 | %110
i B PR A (e i
L )l 6353 4,867 889 | 7150 | 29 000

* - statisticki znacajna razlika e statistically significant difference; SK - suhi kanal ¢ dry canal; HK - natrij-hipoklorit * canal filled
with sodium hypochlorite; ED - etilendiaminotetraoctena kiselina  canal filled with ethylenediaminotetraacetic acid

Rasprava

Endometri ES-02 i ES-03 uredaji su koji rade na
nacelu mjerenja dijela impedancije koja se javlja u
korijenskom kanalu, a pri tome rabe jednu frekven-
ciju. Uredaj ES-03 je novija verzija ES-02, a prema
tvrdnji proizvodaca poboljSanja se odnose na toc-
nost mjerenja radne duljine kanala (rad sa sinuso-
idnim umjesto pravokutnim naponom) te na prikaz
koji je na novom uredaju digitalni.

Rezultati ovog istraZivanja pokazuju razlike u
ocitanju radne duljine izmedu uredaja, pri ¢emu
je vecu to¢nost mjerenja, u odnosu prema prije iz-
mjerenoj vrijednosti, pokazao uredaj ES-02 u su-
hom kanalu. Premda vecina proizvodaca endome-
tara novijih generacija (3. i 4.) tvrdi da tekucina u

Discussion

Endometers ES-02 and ES-03 are based on the
measuring of the distinct range of the impendence
in root canal, using one frequency. ES-03 is a new
version and, according to the manufacturer, with
improved measuring process (use of sinusoidal in-
stead of right-angled voltage) and digital display.

The results of this investigation showed the dif-
ferences in readings of root canal working length
between devices. ES-02 showed the higher consis-
tence with previously measured values in dry canal.
The most manufacturers of the new apex locators
claim that the fluids in canal do not influence their
accuracy (3,4), Haung (12) showed that two major
factors determine the accuracy: fluids in the canal
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kanalu ne utjece na to¢nost mjerenja, Haung (12) je
pokazao da dva osnovna ¢imbenika utjecu na toc-
nost mjerenja - tekucina u kanalu i promjer apikal-
nog otvora. Ako je promjer kanala mali, dokazao je
da tekudina ne utjeCe na toCnost uredaja za odredi-
vanje radne duljine. U uskim i obliteriranim kana-
lima najéeSée se primjenjuje kelator, pa je njegov
utjecaj na odredivanje duljine manji tijekom dalj-
njeg endodontskog lije¢enja. Mjerenje radne dulji-
ne u naSem istraZivanju obavljalo se instrumentima
#15, Sto znaci da je kanal ve¢ bio prohodan i da je
kolic¢ina tekucine u kanalu bila neSto veca, a time se
mogu objasniti veée pogreske mjerenja u vlaznim
uvjetima. Ako se kao krajnja to¢ka mjerenja uzme
vrijednost -1,0 od vanjskog otvora kanala, tada je
to¢nost u suhom kanalu veca za oba uredaja, ali su
zato pogreske mjerenja u vlaznim kanalima takoder
veée. Ako se kao krajnja to¢ka mjerenja uzela vri-
jednost to¢no na apikalnom otvoru (0,0), tekucine
su imale manji utjecaj na to¢nost mjerenja, ali je bio
i veci broj duZih mjerenja u odnosu prema kontro-
li. S obzirom na to da su uredaji bazdareni tako da
na unutarnjem suZenju pokazuju vrijednost -1,0, (a
to je mjesto do kuda bi trebalo kanal instrumentira-
ti i puniti te je vizualnom metodom odredeno kon-
trolnim mjerenjem), razumljivo je da se mjerenjem
prema tocki 0,0 dobilo sveukupno viSe duZih mje-
renja. Manji utjecaj tekudine tj. elektrolita na mje-
renje prema tocki 0,0 objasnjava se prevladavanjem
impedancije periapikalnog tkiva u odnosu prema
provodljivosti tekucine. Vanjski otvor kanala, tj.
vrijednost koju nam pokazuje endometar u dodiru
s periapeksom, sigurnija je vrijednost ako se radna
duljina odreduje u kanalu ispunjenom tekué¢inom u
odnosu prema vrijednostima dobivenima na unutar-
njem suzenju.

Klinicka ispitivanja apeks-lokatora obavljena
su samo za uredaj ES-02 (13), dok za uredaj ES-
03 do sada nema podataka o to¢nosti u klini¢kim
uvjetima. To¢nost mjerenja u klinickim uvjetima je
postignuta u 92-98% slucajeva, ovisno o dijagno-
zi 1 postupku. Najto¢niji rezultati postignuti su kod
mortalne ekstirpacije pulpe, a nesto slabiji kod vi-
talne ekstirpacije pulpe, dok je kod sluc¢ajeva nekro-
ze tocnost mjerenja bila izmedu tih vrijednosti (13).
Prednosti klinickog istraZzivanja u odnosu prema na-
Sem in vitro istraZivanju jest u mogucnosti tretira-
nja zuba s razli¢itim dijagnozama i uvjetima rada u
skladu sa svakodnevnim radom. Nedostatak takvog
istraZivanja jest nemogucénost tocnosti odredivanja
mjerenja zbog nedostataka radioloSkog prikaza zu-
ba (1, 2, 10). U slucaju klini¢kog istraZivanja, toc-
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and diameter of the apical foramen. The smaller the
apical diameter, the influence of the fluids of apex
locators is diminished. Chelators are used in the
narrow and mineralized canals, which decreases its
influence on determination of the working length.
The measurement in our study was performed with
reamer #15, which means that the canal was wider.
This could explain the failures in readings in mois-
ture conditions. The measurements of both apex lo-
cators were more accurate if the end-point of the
measurement was -1,0 from the outer orifice of the
canal in dry canal, but the failures in wet canal are
also more frequent. In case when the outer orifice
of the canal (0,0) was chosen as the end-point of
measurement, the presence of fluids influence less
on accuracy, but there were more measurements be-
yond apex. The most endometers are calibrated to
show the value on scale or display -1,0 when the file
tip is at apical constriction, which should be end-
point of the canal instrumentation and filling, and it
is confirmed by visual control method. This could
explain more readings beyond apex at point 0,0. De-
creased influence of fluids e.g. electrolytes at point
0,0 could be explained by predominance of perira-
dicular tissue impedance over the conductivity of
fluid. The outer orifice of the canal, i.e. the value
displayed on the endometer, is more accurate mea-
surement point than apical constriction if the work-
ing length assessment is carried out in canal filled
with fluids.

Clinical examination was carried out only for
ES-02 device (13), in contrast to ES-03 that is not
clinically studied. The accuracy of working length
assessment in clinical conditions was 92-98% de-
pending on diagnosis and treatment. The most ac-
curate results were obtained when the mortal ex-
tirpation was performed. When the diagnosis was
necrosis the results were less accurate, and the
worst measurements were gained with vital extir-
pation (13). The advantage of clinical investigations
compared to our in vitro is in dealing with differ-
ent diagnosis and working conditions in line with
every-day practice. Disadvantage is unsure method
of determination of accurate measurement because
of problems associated with radiographic interpre-
tation (1,2,10). In clinical investigations accurate
result is considered to be 1 — 1,5 mm from radio-
graphic apex which does not necessarily coincide
with apical constriction. Foramen internum, i.e. api-
cal constriction, could be situated 3 mm from out-
er orifice of the canal (14). Generally it is consid-
ered that the distance from the apical constriction
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nim mjerenjem smatra se odstupanje 1 — 1,5 mm od
radioloskog apeksa, Sto u stvarnosti i ne mora od-
govarati mjestu apikalnog suZenja. Unutarnji otvor
kanala, tj. apikalno suZenje, prema istraZivanjima
moZe biti ¢ak do 3 mm od vanjskog otvora (14).
Smatra se da se apikalna konstrikcija nalazi 0,5 mm
od vanjskog otvora za mlade osobe, a 0,8 mm za
starije (15). Osim prema godinama, udaljenost api-
kalnog suZenja povecava se od prednjih zuba prema
straznjima (1). Ako se takvi uvjeti odstupanja api-
kalnog suZenja od vanjskog otvora te klinicka Siri-
na to¢nosti mjerenja (do -3 mm) interpolira na ovo
istraZivanje, tada bi tocnost obaju uredaja bila sto-
postotna u suhim kanalima. Ako uzmemo u obzir
ruéne manipulacije instrumentima tijekom mjerenja
u istraZivanju, pogreSke mjerenja od 0,5 mm klini¢-
ki su gotovo neznatne.

Zakljuc¢ak

Rezultati ovog istraZivanja pokazuju da se ure-
daji ES-02 i ES-03 statisti¢ki znatno ne razlikuju
u mjerenju radne duljine korijenskog kanala u su-
him kanalima. Ako se mjerenja obavljaju u kana-
lima ispunjenima natrijevim hipokloritom i kelato-
rom (EDTA-om), tada se rezultati znatno razlikuju
u odnosu prema kontroli. Ali, ta razlika je manja
ako se kao mjerna tocka odabere vanjski otvor ko-
rijenskog kanala.

Mjerenje duljine kanala endometrom

to the outer orifice is 0,5 mm in younger persons,
and 0,8 mm in adults. The distance from the api-
cal constriction to the apex increases from front to
posterior teeth with age. If these discrepancies of
apical constriction position and range of clinical-
ly accurate working length assessment (till 3 mm
from apex) are applied to this study, then both in-
vestigated apex locators are 100% accurate in dry
canals. Considering the manual manipulation with
files during the measurement, the failures in reading
of 0,5 mm are insignificant.

Conclusion

The results of this study showed that the endo-
meters ES-02 and ES-03 do not differ significantly
in working length measurements in dry canal. The
results are statistically significantly different if the
measurement is performed in the canal filled with
NaOClI or EDTA, but that difference is lower if the
end-point of assessment is outer orifice of the root
canal.
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Abstract

The aim of this study was to compare the accuracy of measurements of endometers
ES-02 and ES-03 in dry canals and canals filled with sodium-hypochlorite and eth-
ylenediaminetetraacetic acid (EDTA).For the experiment 31 one-rooted human ex-
tracted teeth were used. Working length of the root canal was determined visually
using a #15 reamer as a control measurement. After that the teeth were embed-
ded in vial with freshly mixed alginate and the measurements were made with both
devices. Two measurements were made in dry canal and canal filled with sodium-
hypochlorite and EDTA for each device. The first value was the working length de-
termined according to the sign -1,0 on the scale and display, respectively, which
corresponds to the apical constriction. The second value was measured according
to the sign 0,0 which corresponds to the external foramen. Results were analyzed
statistically by MANOVA test, and as post-hoc test Student-t test was used. The
measurements same as control were in 65% for ES-02 device, and 61%, for ES-03
device at point -1,0 in dry canal, although the difference was not statistically signifi-
cant. Fluids in root canal statistically significant negatively influence on accuracy of
measurements but that significance was 10 times greater at point of measurement
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