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SUMMARY

Introduction Determining the length of the root canal is one of the key factors that can affect the outcome of endo-
dontic therapy. Incorrectly determined working length results in underfilled or overfilled canal.

The aim of this work was to verify the effectiveness of cone-beam computerized tomography (CBCT) and apex locators
in determining working length of the root canal.

Material and method Endodontic procedure was performed according to established endodontic protocol on 98
teeth. Teeth were divided into two groups: single-rooted and multi-rooted teeth. In both groups, working length was
measured with an apex locator (Woodpex Ill) and CBCT (Planmeca Viso). In multi-rooted teeth, the canals were classi-
fied according to their morphological position into the groups Lingvomesial (LM), Buccomesial (BM), Bucodistal (BD),
Palatal (P) and Distal (D) canals. Root canal length was determined by a dentist using apex locator at the University of
Banja Luka while CBCT analysis was performed by a radiology engineer at the 3DENT radiology center in Banja Luka.
Results CBCT odontometry had small deviations from apex locator odontometry. The mean value of the absolute
difference between CBCT measurement and apex locator measurement was the smallest in the group of linguomesial
canals (0.284 mm), and the largest in the group of distal canals of the lower molars (1.939 mm). Based on the results of
the Mann-Whitney U test, it was concluded that there was no statistically significant difference (p > 0.05) in measured
length of the root canal between the two methods in all groups of roots of multi-rooted teeth as well as in the group

of single-rooted teeth.

Conclusion CBCT odontometry is as reliable as apex locator odontometry.
Keywords: root canal length; CBCT diagnostics in dentistry; odontometry

INTRODUCTION

Today’s dental procedures inevitably involve the use of
digital technologies. CBCT can be used for digitized de-
termination of the length of the root canal. In CBCT odon-
tometry, the patient is exposed to a minimal level of X-ray
radiation while scanning the inside of the tooth root canal
(endodontium). The CBCT device emits conical X-ray ra-
diation while detectors collect information about the way
X-rays pass through dental and surrounding structures.
After scanning, collected data is used to reconstruct a
three-dimensional image of dental structures [1,2]. Image
processing software allows endodontists to make precise
measurements of the root canal length. However, due to
exposure to X-ray radiation, the use of CBCT is performed
with caution and in accordance with strictly controlled
clinical indications, especially when endodontic protocol
is carried out in children [3, 4, 5].

Decision to use CBCT in dental treatment is usually
made based on the need for accurate diagnostic infor-
mation and treatment planning. Although odontometric

devices, also known as apex locators, are useful in deter-
mining the exact length of the root during endodontic
treatments, there are several potential disadvantages or
challenges that can arise with their use [6].

Apex locators use electrical impedance or sound sig-
nals to determine the length of a root canal. However,
various factors, such as the presence of fluid or bleeding
in the canal, the presence of metal fillings or a curved
root canal, can lead to inaccurate results. This can lead to
suboptimal treatment, including over- or under-instru-
mentsation and obturation [7, 8]. Correct use of the apex
locator requires a skilled operator. Incorrect placement or
use of the device can result in inaccurate measurements.
Apex locators are not recommended in certain situations,
such as the presence of metal crowns or if the patient has
an implanted pacemaker, and the use of low-frequency
current could disrupt the rhythm of pacemaker. Proximity
of mandibular canal should also be taken into account
during endodontic protocol on the lower posterior teeth,
because inadequate odontometry can lead to injury to the
mandibular canal if it is in the immediate vicinity of the
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Figure 1. CBCT odontometry — Software compensation of the curved part of the

canal

and Information Systems of the Government of
the Republika Srpska (project no. 19/6-020/961-
48/18) as a retrospective study in the period
2019-2022. The study included 196 root canals of
teeth that were indicated for endodontic treatment.
Measurements of the length of the tooth root ca-
nal were performed on the complete sample -
odontometry using the CBCT method (Planmeca
ProMax 3D Classic (Planmeca, Finland) with a
voxel size of 0.2 mm and a field of view of 4 x 4
cm) and determining the length of the root canal
with the apex locator Woodpex III (Woodpecker

Slika 1. CBCT odontometrija — Softverska kompenzacija zakrivljenog dela kanala Medical Instrument Co, Guilin, China).

WOODPEX I pLus

Apex Locator

There were six groups formed to measure root
canal length:

Lst group: Palatal canals of upper multi-rooted
teeth — 24

2nd group: Bucomesial canals of upper and low-
er multi-rooted teeth — 49

3rd group: Bucodistal canals of upper
multi-rooted teeth — 24

4th group: Linguomesial canals of lower
multi-rooted teeth - 25

5th group: Distal canals of lower multi-rooted
teeth — 25

6th group: Canals of single-rooted teeth of the
upper and lower jaw - 49

1. CBCT odontometry

Figure 2. Apex locator
Slika 2. Apeksni lokator

apical foramen. In such cases, it is recommended to use
CBCT odontometry as an alternative method [9-12].

Apex locators require maintenance and calibration to
be accurate. Improper maintenance or malfunctions of the
device can lead to inaccurate measurements. Quality apex
locators can represent an investment for a dental practice.
On the other hand, apex locators are usually not a source
of ionizing radiation like X-ray machines, but use electrical
signals or sound waves. Nevertheless, the issue of patient
exposure to electromagnetic radiation remains a topic of
concern and research. The above shows the need for a new,
more modern method of odontometry [13, 14, 15].

The aim of this work was to verify the effectiveness
of cone-beam computed tomography (CBCT) and apex
locators in determining working length of the root canal.

MATERIAL AND METHODS

The research was carried out within the project of the
Faculty of Medicine of the University of Banja Luka at
the Department of Dental Medicine under the auspices
of the Ministry of Science, Technological Development

By analyzing the CBCT section, we first deter-
mined the position of the anatomical apical fo-
ramen, which represents the first reference point.
Then, linear measurements were made to another
reference point (determined arbitrarily - incisal edge,
cusp tip or curved surface) (Figure 1). Linear measure-
ments were parallel to the vertical axis of the tooth and
were made from one reference point to another, where
the axial cross-section allowed drawing a straight line
from the anatomical foramen to the tip of the cusp or
the incisal edge of the tooth. The measurement was more
reliable as it was performed on both the mesio-distal and
vestibulo-oral sections, after which the mean value of the
measurement was calculated and taken as the working
length. In the case of curved canals, it was suggested to
use segmented linear measurements that form a certain
angle with each other. The disadvantage of this method of
odontometric measurements is that the reference points
for measurement are set according to the curved path of
the canal, which can affect repeatability of measurements.
3D Endo-software (Planmeca Viso, Helsinki Finland) has
an innovative feature to detect the semi-automatic path
of the root canal, after scanning the entrance to the ca-
nal, thus minimizing the possibility of subjective operator
error. The software also compensates for curved surfaces
and unevenness or depressions in the interior giving more
reliable measured size (Figure 2).



2. Odontometry with apex locator

Electronic determination of the working length using
the apex locator is based on fact that resistance between
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Table 3. Comparison of apex locator odontometry and CBCT meth-
od in multi-rooted teeth

Tabela 3. Poredenje odontometrije apeksnim lokatorom i meto-
dom kompjuterizovane tomografije konusnog zraka (CBCT) kod
visekorenih zuba
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the tip of endodontic instrument that is in contact with
R R R K Root | Measurement_Method Average value
the periodontium and oral mucosa is approximately con- e e e e N
stant and amounts to 6.5 kQ. Soft tissues are conductors MEASUREMENT WITH APEX LOCATOR | o (e
of low-frequency alternating current and contact of the MERENJE APEKSNIM LOKATOROM ' 076
endodontic instrument with the periodontal tissue closes gv | CBCT MEASUREMENT 4 5036 )
the current circuit, which is read on the display of the CBCT MERENJE
apex locator. At the moment when it is observed on the L‘;(‘j")no 98
display that we are in the area of the aplcal foramen (first MEASUREMENT WITH APEX LOCATOR
reference point), the rubber stopper is placed in the po- MERENJE APEKSNIM LOKATOROM 24 24.90
sition that determines the second reference point. After 6o | CBCT MEASUREMENT y pit0 0.849
that, endodontic instrument is removed from the canal CBCT MERENJE )
and the distance between the first and second reference Total 48
points is measured. The obtained value is the working Ukupno
: MEASUREMENT WITH APEX LOCATOR
length of the tooth root canal (Figure 3). MERENJE APEKSNIM LOKATOROM 24 24.04 o
CBCT MEASUREMENT '
P CBCT MERENJE 24 2496
RESULTS Total
48
Ukupno
For multi-rooted teeth (molar region), measurements are MEASUREMENT WITH APEX LOCATOR | 25.42
shown individually for the buccomesial (BM), linguome- MERENJE APEKSNIM LOKATOROM 0973
sial (LM), palatal (P) and distal (D) canal (Tables 1-3). D ggg mg\E‘LﬁEMENT 25 25.58
Based on the results of the Mann-Whitney U test, it was Total
concluded that there was no statistically significant dif- Ukupno 50
ference p>0.05in the measured length of the tooth root MEASUREMENT WITH APEX LOCATOR | 238
canal between the two methods in all groups of multi- MERENJE APEKSNIM LOKATOROM ' 0284
rooted teeth. CBCT MEASUREMENT ’
LM cBCT MERENJE = 27.72
Table 1. Odontometry measured with apex locator T‘?(tal 50
Tabela 1. Odontometrija izmerena apeksnim lokatorom Ukupno
Average value Standard Table 4. Odontometry with apex locator
Root | | Minimum | Maximum Sregdn'a deviation Tabela 4. Odontometrija apeksnim lokatorom
Koren Minimum | Maksimum ) Standardna
vrednost deviiacii Average Standard
evijacija - . o
N Minimum | Maximum value deviation
BM 49 14.00 21.00 17.9184 1.81242 Minimum | Maksimum Srednja Standardna
BD 24 16.00 22.00 18.2083 1.64129 vrednost devijacija
P 24 18.00 24.00 209167 1.90917 Eoce_t ca:al Ielngkth 4 13.07 21.07 17.0812 174013
D 25 | 16.00 24,00 20.4800 1.93907 uzina kana’a korena
M 25| 1600 22.00 17.8000 1.65831 Table 5. Odontometry using the CBCT method
Tabela 5. Odontometrija metodom kompjuterizovane tomografije
Table 2. Odontometry wegsured by the CBCT metho.d . konusnog zraka (CBCT)
Tabela 2. Odontometrija izmerena metodom kompjuterizovane
tomografije konusnog zraka (CBCT) Average | Standard
N Minimum | Maximum value deviation
R Mini Maxi Average value (Sitar?d.ard Minimum | Maksimum | Srednja | Standardna
oot N !n!mum axlmum Srednja eviation vrednost devijacija
Koren Minimum | Maksimum o Standardna R T h
devijacija D‘l’l‘;itn?::njgirena 49| 1400 22.00 17.6735 1.77233
BM | 49 | 1380 2120 17.9137 1.82871
BD |24 1580 21.80 18,1042 1.66145
) 2% | 1780 2370 20.8958 1.79183 .
o 25 | 17.00 1350 205160 181284 The mean value of the absolute difference between the
R 5'7 . 21’ i~ 17' 9500 1' o111 CBCT measurement and the apex locator measurement

For single-rooted teeth, measurements of root canal
length using apex locator and CBCT are shown in s 4-6.
Based on the results of the Mann-Whitney U test, it was
concluded that there was no statistically significant dif-
ference p > 0.05 in the measured root length between the
two methods in single-rooted teeth.

was the smallest in the group of linguomesial canals and
was 0.284 mm, and the largest in the group of distal canals
of the lower molars was 1.939 mm. Based on the results
of the Mann-Whitney U test, it was concluded that there
was no statistically significant difference p > 0.05 in the
measured length of root canals between the two methods
in all groups of roots of multi-rooted teeth as well as in
the group of single-rooted teeth




176

Table 6. Comparison of odontometry with apex locator and CBCT method

Tabela 6. Poredenje odontometrije apeksnim lokatorom i metodom kompjuterizovane

tomografije konusnog zraka (CBCT)

Deri A. et al. Comparative analysis of root canal length determination using cone-beam computerized to-mography and apex locator

In support that CBCT odontometry is a very
new and precise method of determining the
working length are also the results of our study

By applying CBCT, endodontics gets a new diagnostic tool
in different stages of endodontic therapy. Odontometry is
one of the phases of the endodontic protocol, which deter-
mines the working length at which the chemomechanical
instrumentation of the root canal is performed. Apex lo-
cators are successfully used for odontometry, however, the
presence of serous, purulent or hemorrhagic fluid in the
canal can interfere with the measurement and give wrong
results. On the other hand, in patients who have an implant-
ed pacemaker, the use of an apex locator is contraindicated.
Recently, CBCT has been described as new endodontic tool
for measuring the length of the root canal [16].

This innovative digital method showed that there is
a high correlation between the image of the histological
sections of the teeth and the analog CBCT image. The
analysis of the results of our research showed that CBCT
odontometry requires segmentation of the endodontic
space and gives very precise measurements that have
small deviations compared to apex locator measurements.
In the group of single-rooted teeth, this deviation has no
statistical significance (p = 0.685). The smallest length
measured by the apex locator was 13.07 mm, while the
smallest length measured by CBCT was 14 mm. By seg-
menting the CBCT image, we separated the endodontium
from the surrounding tissue - dentin and tooth root ce-
mentum [17]. Initial reference points were marked on the
incisal edge for anterior teeth and on the top of the ves-
tibular cusp for posterior teeth. The final reference point
in both groups was the physiological apical foramen 0.5
mm from the anatomical foramen.

In our study, neither in the group of single-rooted nor
in the group of multi-rooted teeth, there was a statistical-
ly significant difference between measuring the working
length by apex locator and CBCT imaging and that is in
agreement with numerous studies [17, 18, 19]. However,
there are studies that are suggest that CBCT odontometry is
an unreliable method for determining working length [20].

Considering that there are larger number of studies
with results that indicate reliability of using CBCT for
endodontics, the reasons for the opposite findings could
be misinterpretation of the results. In the interpretation
of the radiographic image, a significant difference was ob-
served between different observers. For this reason, the
results of this research were interpreted by a radiology
engineer.

MereEE: Mt Average value in which wax models with extracted teeth were
Metoda merenja N | Srednja g used to perform odontomery manually. Access
vrednost o p Y Y-

MEASUREMENT WITH APEXLOCATOR | .o | o cavities were prepared on the extracted teeth,
MERENJE APEKSNIM LOKATOROM ! 0685 after which expanders number 08, 10 and 15
Root canal length | CBCT MEASUREMENT ' were introduced into the canal until the tip of

Duzina kanala korena | CBCT MERENJE 49 4834 : :
uzina the expander appeared at the anatomical api-
L‘f"" 98 100 cal foramen. The working length was measured

upno oy . .

P from the stopper positioned on the incisal edge
of anterior teeth or on the top of the cusps of lat-
eral teeth, while the second reference point was

DISCUSSION the anatomical apical foramen. Using the same

positions of the reference points, the measurements were
repeated by CBCT. The results showed that deviations of
CBCT measurements from manual measurements were
less than 1 mm, which had no significant difference [10].

Determination of the working length by CBCT imag-
ing and the ability to manually adjust the path of the line
drawn from reference point 1 to reference point 2 is one
of the most creative features of Romexis software. This
reduces the possibility of error to a minimum. In addition
to the length, the therapist gets an insight into the path of
the canal system of the root [21, 22].

Current study aimed to correlate the quality of an ob-
jective CBCT image with the relatively simple task of es-
timating the length of a tooth’s root canal with an apex lo-
cator. The length was scaled in intervals and very suitable
for statistical analysis, which confirmed the assumption
that the CBCT method is a highly accurate method for de-
termining root canal length. The only ethical obstacle for
indicating CBCT odontometry is the amount of radiation.
A key principle in radiation protection refers to the opti-
mization of exposure in terms of the well-known princi-
ple “as low as reasonably possible” (ALARA). Therefore,
knowing what quality is sufficient for a specific diagnostic
or treatment task is essential for adopting this principle
of radiation protection [23, 24].
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KRATAK SADRZAJ

Uvod Odredivanje duzine kanala korena zuba je jedan od klju¢nih faktora koji mogu uticati na ishod endodontske terapije. Pogresno
odredena radna duzina rezultira nedovoljno napunjenim kanalom ili prepunjenim kanalom.

Cilj ovog rada je bio da se proveri efikasnost primene kompjuterizovane konusne tomografije (CBCT) i apeksnog lokatora u odre-
divanju radne duzine kanala korena zuba.

Materijal i metode Endodontska procedura je sprovedena po endodotskom protokolu lege artis na 98 zuba. Zub su podeljeni u
grupe jednokorenih i visekorenih zuba. U obe grupe radna duzina je izmerena apeksnim lokatorom (Woodpex ) i CBCT mere-
njem (Planmeca Viso). Kod visekorenih zuba kanali su prema morfoloskom polozaju svrstani u sledece grupe: lingvomezijalni (LM),
bukomezijalni (BM), bukodistalni (BD), palatinalni (P) i distalni (D) kanali. Odontometrija apeksnim lokatorom je vrsena na licu
mesta od strane operatera Univerzitet u Banjaluci, a CBCT analiza je vréena od strane inzenjera radiologije u radioloSkom centru
3DENT u Banjaluci.

Rezultati CBCT odontometrija je imala mala odstupanja od odontometrije apeksnim lokatorom. Srednja vrednost apsolutne ra-
zlike izmedu CBCT merenja i merenja apeksnim lokatorom bila je najmanja u grupi lingvomezijalnih kanala i iznosila je 0,284 mm,
a najveca u grupi distalnih kanala donjih molara — 1,939 mm. Na osnovu rezultata Man-Vitnijevog U testa doslo se do zakljucka
da nije postojala statisticki znacajna razlika (p > 0,05) u izmerenoj duzini kanala korena zuba izmedu dve metode kod svih grupa

korenova visekorenih zuba, kao ni u grupi jednokorenih zuba.

Zakljucak CBCT odontometrija je jednako pouzdana kao i odontometrija apeksnim lokatorom.
Klju¢ne reci: duzina kanala korena zuba; CBCT dijagnostika u stomatologiji; odontometrija

UvoD

Danasnja stomatoloska procedura neizostavno uklju¢uje upo-
trebu digitalizovanih stomatoloskih aparata. Za digitalizova-
no odredivanje duzine kanala korena zuba moze da se koristi
konusna dentalna tomografija (cone beam conus tomography
- CBCT). U CBCT odontometriji pacijent se izlaze minimal-
nom nivou rendgenskog zracenja dok se vrsi skeniranje una-
tra$njosti kanala korena zuba, endodoncijuma. CBCT uredaj
emituje konusno rendgensko zracenje, a detektori prikupljaju
informacije o nac¢inu prolaska RTG zraka kroz zubne i okolne
strukture. Nakon skeniranja, prikupljeni podaci se koriste za
rekonstrukciju trodimenzionalne slike zubnih struktura [1,
2]. Softver za obradu slike omogucéava endodontima da izvrse
precizna merenja duzine kanala korena zuba. Medutim, zbog
izloZenosti pacijenta rendgenskom zracenju, upotreba CBCT-a
se obavlja s oprezom i u skladu sa strogo kontrolisanim kli-
nickim indikacijama, pogotovo kada se endodontski protokol
sprovodi kod dece [3,4, 5].

Odluka o kori$¢enju CBCT-a u stomatoloskom tretmanu
obi¢no se donosi na osnovu potreba za preciznim dijagnostic-
kim informacijama i planiranjem tretmana. Iako su odontome-
trijski aparati, poznati i kao apeksni lokatori, korisni u odredi-
vanju ta¢ne duzine korena zuba tokom endodontskih tretmana,
postoji nekoliko mogucih nedostataka ili izazova koji se mogu
javiti pri njihovoj upotrebi [6].

Apeksni lokatori se baziraju na elektri¢noj impedanci ili
zvu¢nim signalima kako bi odredili duzinu kanala korena zuba.

Medutim, razli¢iti faktori, kao $to su prisustvo te¢nosti ili krva-
renje u kanalu, prisustvo metalnih ispuna ili zakrivljen kanal
korena, mogu dovesti do netac¢nih rezultata. To moze dovesti do
suboptimalnog le¢enja, ukljucujuéi prekomerno ili nedovoljno
¢iS¢enje i preparaciju kanala [7, 8]. Ta¢na upotreba apeksnog
lokatora zahteva vestog operatera. Pogresno postavljanje ili ko-
ri$¢enje aparata moze rezultirati netacnim merenjima. Apeksni
lokatori se ne preporucuju u odredenim situacijama, kao $to
je prisustvo metalnih krunica ili kad pacijent ima ugraden
pejsmejker, te bi upotreba niskofrekventne stuje mogla pore-
metiti ritam pejsmejkera. Takode treba voditi ra¢una o blizini
mandibularnog kanala kod endodontskog protokola na donjim
boc¢nim zubima jer neadekvatna odontometrija moze dovesti
do povrede mandibularnog kanala ukoliko je u neposrednoj
blizini foramena apikale. U takvim slu¢ajevima je preporuka da
se koristi CBCT odontometrija kao alternativna metoda [9-12].

Apeksni lokatori zahtevaju odrzavanje i kalibraciju kako
bi bili ta¢ni. Neodgovarajuce odrzavanje ili kvarovi u aparatu
mogu dovesti do neta¢nih merenja. Zatim, kvalitetni apeksni
lokatori mogu predstavljati investiciju za stomatolosku praksu.
S druge strane, apeksni lokatori obi¢no nisu izvor jonizirajuceg
zracenja kao rendgenski aparati, ali koriste elektri¢ne signale
ili zvu¢ne talase. Ipak, pitanje izloZenosti pacijenta elektroma-
gnetnom zracenju ostaje tema zabrinutosti i istrazivanja. Iz
navedenog se uocava potreba za novom, savremenijom meto-
dom odontometrije. Cilj ovog rada bio je da ispita pouzdanost
digitalizovanog merenja duzine kanala korena zuba pomocu
CBCT odontometrije [13, 15].
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Istrazivanje je sprovedeno u okviru projekta Medicinskog fa-
kulteta Univerziteta u Banjaluci na Odseku dentalne medicine
pod pokroviteljstvom Ministarstva za nauku, tehnoloski razvoj
i informacione sisteme Vlade Republike Srpske (br. projek-
ta 19/6-020/961-48/18) kao retrospektivna studija u periodu
2019-2022. godine. U istrazivanje je ukljuceno 196 kanala ko-
renova zuba koji su bili indikovani za endodontsku terapiju. Na
kompletnom uzorku su izmerene duzine kanala korena zuba -
odontometrija metodom CBCT (Planmeca ProMax 3D Classic
(Planmeca, Finland) sa veli¢inom voksela od 0,2 mm i vidnog
polja 4 x 4 cm) i odredene duzine kanala korena zuba apeksnim
lokatorom Woodpex III (Woodpecker Medical Instrument Co,
Guilin, China).

Formirano je Sest grupa za merenje odontometrije:

1. grupa: Palatinalni kanali gornjih visekorenih zuba - 24

2. grupa: Bukomezijalni kanali gornjih i donjih visekorenih
zuba - 49

3. grupa: Bukodistalni kanali gornjih visekorenih zuba - 24

4. grupa: Lingvomezijalni kanali donjih visekorenih zuba
-25

5. grupa: Distalni kanali donjih vi$ekorenih zuba - 25

6. grupa: Kanali jednokorenih zuba gornje i donje vilice — 49

1. CBCT odontometrija

Analizom CBCT preseka prvo smo utvrdili poziciju anatomskog
foramena apikale, koji predstavlja prvu referentnu ta¢ku. Potom
su vr$ena linijska merenja do druge referentne tacke (odrede-
ne proizvoljno - incizalna ivica, vrh kvrzice ili zakrivljena po-
vrsina) (Slika 1). Linijska merenja su paralelna sa aksijalnom
osovinom zuba i vre se od jedne do druge referentne tacke,
pri cemu treba izabrati onaj aksijalni presek koji omogucava
povlacenje ravne linije od anatomskog foramena do vrha kvr-
zice ili incizalne ivice zuba. Merenje je pouzdanije ukoliko se
izvr$i i na meziodistalnim i na vestibulooralnim presecima, na-
kon cega se izra¢unava srednja vrednost merenja i uzima kao
radna duzina. Kod zakrivljenih kanala se predlaze kori$¢enje
segmentiranih linijskih merenja koja medusobno ¢ine odre-
deni ugao. Nedostatak ovakve metode odontometrijskog me-
renja je taj da se referentne tacke za merenje postavljaju prema
zakrivljenoj putanji kanala, $to mozZe da uti¢e na ponovljivost
merenja. 3D Endo-softwer (Planmeca Viso, Helsinki, Finland)
ima inovativnu osobinu da detektuje poluautomatsku putanju
kanala korena zuba, nakon skeniranja ulaza u kanal, tako da se
minimizira moguénost subjektivne greske operatera. Softver
takode kompenzuje zakrivljene povrsine i neravnine ili udu-
bljenja u unutrasnjosti kanala, $to daje pouzdaniju izmerenu
veli¢inu (Slika 2).

2. Odontometrija apeksnim lokatorom

Elektronsko odredivanje radne duzine kori$¢enjem apeksnog
lokatora je bazirano na ¢injenici da je otpor izmedu vrha en-
dodontskog instrumenta koji je u kontaktu sa parodontom i
oralne mukoze otprilike konstantan i iznosi 6.5 k(). Meka tkiva
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su provodnici niskofrekventne naizmeni¢ne struje, tako da se
kontaktom endodontskog instrumenta sa parodontalnim tki-
vom zatvara strujni krug, $to se ocitava na displeju apeksnog
lokatora. U trenutku kada je na displeju uo¢eno da se nalazimo
u podru¢ju foramena apikale (prva referentna tacka), gumeni
granicnik se postavlja u poziciju koja odreduje drugu referentnu
tacku. Nakon toga se endodontski instrument uklanja iz kanala i
meri se distanca izmedu prve i druge referentne tacke. Dobijena
vrednost je radna duZina kanala korena zuba (Slika 3).

REZULTATI

Kod vi$ekorenih zuba (molarna regija) merenja su prikazana
pojedina¢no za bukomezijalni (BN), lingvomezijalni (LM),
palatinalni (P) i distalni (D) kanal. Na osnovu rezultata Man-
Vitnijevog U testa doslo se do zakljucka da nije postojala sta-
tisticki znacajna razlika (p > 0,05) u izmerenoj duzini kanala
korena zuba izmedu dve metode kod svih grupa vi$ekorenih
zuba i u izmerenoj duzini korena izmedu dve metode kod jed-
nokorenih zuba.

Srednja vrednost apsolutne razlike izmedu CBCT merenja i
merenja apeksnim lokatorom bila je najmanja u grupi lingvo-
mezijalnih kanala i iznosila je 0,284 mm, a najveca u grupi dis-
talnih kanala donjih molara - 1,939 mm. Na osnovu rezultata
Man-Vitnijevog U testa doslo se do zakljucka da nije postojala
statisti¢ki znacajna razlika (p > 0,05) u izmerenoj duZini kanala
korena zuba izmedu dve metode kod svih grupa korenova vise-
korenih zuba, kao ni u grupi jednokorenih zuba.

DISKUSIJA

Primenom dentalnog CT-a endodoncija dobija novo dija-
gnosticko sredstvo u razli¢itim fazama endodontske terapije.
Odontometrija je jedna od faza endodontskog protokola kojom
se odreduje radna duZina na kojoj se vr$i mehanicko-medi-
kamentozna obrada kanala korena zuba. Apeksni lokatori se
uspesno koriste za odontometriju, medutim prisustvo serozne,
gnojne ili hemoragijske te¢nosti u kanalu moze da ometa me-
renje i daje pogresne rezultate. S druge strane, kod pacijenata
koji imaju ugraden pejsmejker, kontraindikovana je upotreba
apeksnog lokatora. Nedavno je CBCT opisan kao zanimljiv en-
dodontski alat za merenje duzine kanala korena zuba, tj. odre-
divanje odontometrije [16].

Ova inovativna digitalna metoda je pokazala da postoji vi-
soka korelacija izmedu slike histoloskih preseka zuba i analo-
gne CBCT slike. Analiza rezultata ovog istrazivanja je pokazala
da CBCT odontometrija zahteva segmentaciju endodontskog
prostora i daje veoma precizna merenja, koja imaju mala od-
stupanja u odnosu na merenja apeksnim lokatorom. U grupi
jednokorenih zuba to odstupanje nema statisticku znacajnost
(p = 0,685). Najmanja izmerena duZina apeksnim lokatorom je
13,07 mm, dok je najmanja izmerena duzina CBCT snimanjem
14 mm. Segmentacijom CBCT slike odvajamo endodoncijum
od okolnog tkiva-dentina i cementa korena zuba [17]. Podetne
referentne tacke su markirane na incizalnoj ivici kod frontalnih
zuba i na vrhu vestibularne kvrzice kod boc¢nih zuba. Zavrsna
referentna tacka u obe grupe bio je fizioloski foramen apikale
0,5 mm od anatomskog foramena.
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U nasoj studiji ni u grupi jednokorenih ni u grupi viseko-
renih zuba nema statisticki znacajne razlike izmedu merenja
radne duzine apeksnim lokatorom i CBCT snimanjem, $to je
u saglasnosti sa brojnim studijama [17, 18, 19]. Ipak, postoje
studije koje su eksplicitne u tvrdnji da je CBCT odontometrija
nepouzdan metod odredivanja radne duZine [20].

S obzirom na to da je mnogo veci broj studija sa rezultatima
koji ukazuju na pouzdanost kori$¢enja CBCT za endodonciju,
za suprotne nalaze treba traZiti razloge u pogresnoj interpreta-
ciji rezultata. U interpretaciji radiografske slike primecena je
znacajna zavisnost izmedu ta¢nosti kod razli¢itih posmatraca.
Iz tog razloga rezultati ovog istrazivanja interpretirani su od
strane jednog inzenjera radiologije.

U prilog potvrdi da je CBCT odontometrija veoma pozdan
i precizan metod odredivanja radne duzine ukazuju i rezultati
nase studije, u kojoj su koris¢eni vostani modeli sa ekstrahovanim
zubima na kojima je odontometrija uradena ru¢no. Na ekstra-
hovanim zubima su preparisani pristupni kaviteti, nakon cega
su prosirivaci broj 08, 10 i 15 uvodeni u kanal do pojave vrha
prosirivaca na anatomskom foramenu apikale. Radna duzina je
merena od ,,stopera“ pozicioniranog na incizalnoj ivici frontalnih
zuba ili na vrhu kvrzice bo¢nih zuba, dok je druga referentna

tacka anatomski foramen apikale. Koriste(i iste pozicije referen-
tnih tacaka, merenja su ponovljena CBCT snimanjem. Rezultati
su pokazali da su odstupanja CBCT merenja od ru¢nog merenja
manja od 1 mm, §to apsolutno nema klini¢ki znacaj [10].

Odredivanje radne duzine CBCT snimanjem i mogu¢nost
ru¢nog podesavanja putanje linije koja se povlaci od referentne
tacke 1 do referentne tacke 2 jedna je od najkreativnijih karak-
teristika softvera Romexis. Time se moguénost greske svodi na
minimum. Pored radne duZine, terapeut dobija uvid u putanju
kanalnog sistema pulpe korena [21, 22].

Ovo istrazivanje je imalo za cilj da poveze kvalitet objektivne
CBCT slike sa relativno jednostavnim zadatkom procene duzine
kanala korena zuba apeksnim lokatorom. Duzina je skalirana
u intervalima i veoma pogodna za statisticku analizu, koja je
potvrdila pretpostavku da je CBCT metoda visoko precizna
metoda za odredivanje odontometrije. Jedina eticka prepreka
za indikovanje CBCT odontometrije je koli¢ina zracenja. Klju¢ni
princip u zastiti od zracenja odnosi se na optimizaciju izlozeno-
sti u smislu dobro poznatog principa ,nisko koliko je razumno
moguce (ALARA). Dakle, saznanje koji je kvalitet dovoljan za
odredeni dijagnosticki ili tretmanski zadatak je od sustinskog
znacaja za usvajanje ovog principa zastite od zracenja [23, 24].



