Ultrazvu¢na metoda obrade
korijenskoga kanala tijekom
endodontskog tretmana

Sazetak

Svrha rada: Svrha je rada refleksijskom elektronskom mikroskopi-
Jjom istraZiti povrsinu stijenki korijenskih kanala i procijeniti djelotvor-
nost ultrazvucne tehnike obrade tijekom endodontskog tretmana.

Materijal i metode: Eksperimentalni dio studije izveden je na izva-
denim ljudskim zubima. U obradi korijenskih kanala uporabljen je ul-
trazvucni uredaj ENAC Osada Electric CO.LTD. Fizikalne osnove ra-
da ultrazvucnih endodontskih uredaja temelje se na transverzalnim osci-
lacijama strugaca. Slobodno vibrirajuci vrh instrumenta uz akusticno
strujanje otopine Na-hipoklorita proizvodi hidrodinamicni stres dovolj-
no jak da cisti stijenke korijenskoga kanala.

Rezultati: Rasclamba mikrofotografija istraZivanih uzoraka nedo-
vojbeno potvrduje Ciste i glatke povrsine stijenki korijenskoga kanala,
ostre i jasne konture oko ulaza u dentinske tubuluse i dobru prohod-
nost tubulusa. Rezultatai istraZivanja potvrduju djelotvornost i pred-
nost istodobne uporabe ultrazvucnog instrumenta i Na-hipoklorita ti-
Jjekom endodontskog tretmana.

Zakljuéak: Ultrazvucna tehnika obrade endodotnskog prostora me-

foda je izbora, te uz kontinuiranu irigaciju djelotvorno uklanja infici-

" rano tkivo iz korijenskoga kanala, konicno ga prosiruje ostavljajuci ciste
I glatke stijenke bez zaostatnoga sloja.

Kljucne rijeci: endodontski tretman, ultrazvucna obrada, zaostatni
sloj
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Uvod

Temeljna zadaca endodontskog tratmana jest
ukloniti inficirano pulpno tkivo, mikroorganizme i
detritus iz korijenskoga kanala. Instrumentacijom ti-
jekom tretmana oblikujemo odgovarajuci prostor za
§to bolju hermeti¢ku obturaciju endodontskog susta-
va. Kona¢ni je cilj endodontskog tretmana induci-
rati apoziciju kos§tanog ili cementoidnog tkiva na
vr$ku korijena zuba.

Ultrazvu¢na metoda obrade korijenskih kanala
pruza provjereno poboljSanu tehniku endodontskog
tretmana i zajedno s dosad poznatim i potvrdenim
tehnikama jedna je od metoda izbora u postupku li-
jecenja bolesne zubne pulpe i periapeksnih patolo-
S§kih promjena (1,2).

Svrha istrazivanja

Svrha istrazivanja ove studije jest refleksijskom
elektronskom mikroskopijom istraZiti povrsinu sti-
jenke korijenskih kanala i procijentiti djelotvornost
ultrazvuéne tehnike obrade tijekom endodontskog
tretmana. Kriterij je uspje$nosti koli¢ina zaostanog
sloja (smear layer) na zidovima korijenskoga kana-
la i broj dentinskih tubusa.

Metoda rada

Eksperimentalni dio studije izveden je u srednjoj
i apikalnoj trecini korijenskih kanala izvadenih jed-
nokorijenskih ljudskih zuba. Za obradu korijenskih
kanala uporebljen je ultrasoni¢ki uredaj ENAC Osa-
da Electric CO.LTD. Fizikalne osnove rada ultra-
zvuénih endodontskih uredaja temelje se na tran-
sverzalnim oscilacijama strugaca. Akusti¢no struja-
nje mjehurica otopine Na-hipoklorita (0,5% NaO-
Cl) generirano slobodno vibrirajuc¢im vrhom instru-
menata proizvodi hidrodinamicni stres dovoljno ve-
lik da ukloni zaostatni sloj i debris sa stijenki kori-
jenskoga kanala.

Ultrazvu¢nom metodom obradeno je 65 ravnih
korijenskih kanala uz stalno ispiranje Na-hipoklo-
ritom u vremenu od 1-3 min. Tijekom obrade kori-
§teni su izvorni pro§irivaci ISO veli¢ine 15-40. Na-
kon zavriene instrumentacije stijenke su korijensko-
ga kanala ponovno obilno ispirane 0,5% Na-hipo-
kloritom.

Uzorci obradenih korijenskih kanala napareni su
tankim slojem zlata u uredaju S 150 SPUTTER CO-
ATER EDWARDS zbog bolje vodljivosti elektron-
skoga snopa. Pregled i ra§¢lamba povr§ine uzoraka
provedeni su na TV ekranu scanning elektronskog
mikroskopa tipa JOEL-5 800 pri povecanju od 500-
-15000 puta. Ras¢lamba rezultata obrade korijensko-
ga kanala ultrazvuc¢nim instrumentom provedena je
na mikrofotografijama povrSine istrazivanih uzora-
ka.

Rezultati

Kako bi se dobila objektivna procjena rezultata
istrazivanja, provela se je sustavna ra§¢lamba mikro-
fotografija istraZivane povr§ine uzoraka.

Mikrofotografije tih povrSina nedvojbeno po-
tvrduju uspjesnost provedene tehnike obrade stijenki
korijenskoga kanala. Ciste povrsine stijenke korijen-
skoga kanala, o§tre i jasne konture oko ulaza u den-
tinske tubuluse, te dobra prohodnost u pocetnome
dijelu pojedinih dentinskih tubulusa, pokazuju visok
stupanj djelotvornosti ultrazvu¢ne obrade glavnoga
korijenskoga kanala i brojnih manjih postrani¢nih
kanalica (Slika 1). Stijenke su glatke, bez naslaga
debris i dijelova zaostatnog sloja. Buduci da je za-

8852 20kU" 18mum

Slika 1. Izgled dentinske povrsine glavnoga korijenskoga ka-
nala i manjega postranicnog kanala nakon ultrazvuc-
ne obrade irigacije Na-hipokloritom. Povecanje 2.000
puta

Figure 1. The appearance of the main root canal surface and
minor lateral canal after the ultrasonic Na-hypochlo-
ride irrigation treatment. Magnified by 2000
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ostatni sloj potpuno odstranjen, ulazi u dentinske tu-
buluse ostali su otvoreni i prohodni, pogotovo u po-
cetnome dijelu dentinskoga tubulusa (Slika 2). Na
Slici 3 vide se zacepljeni pojedini otvori dentinskih
tubulusa (smear plugs), iako je ukupna ¢istoéa pov-
r$ine zadovoljavajuca.

8B52 2Zekuy 1um x13, 0608

Slika 2. Slobodni otvori dentinskih tubulusa nakon ultrazvué-
ne obrade i obilne irigacije Na-hipokloritom. Pove-
canje 13.000 puta

Figure 2. Free foramina of dentinal tubuli after the ultrasonic
treatment and abundant Na-hypochloride irrigation.
Magnified by 13000

8852  28kU

Slika 3. Pojedini otvori dentinskih tubulusa su zacepljeni
(smear plugs). Povecanje 4.300 puta

Figure 3. Some foramina of dentinal tubuli are smear plugged.
Magnified by 4300

Rezultati istraZivanja jasno potvrduju djelotvor-
nost i prednost istodobne uporabe ultrazvu¢nog in-

strumenta i Na-hipoklorita tijekom endodontskog
tretmana.

Rasprava

Pretpostavljamo li da su ¢istoca i glatkoca stijen-
ki korijenskoga kanala, tj. bez naslaga smear layera
1 debrisa, temeljni zahtjev suvremenog endodon-
tskog postupka, tada ultrazvucna obrada uz konti-
nuiranu irigaciju kemijskim otopinama ima apsor-
bnu prednost.

Sirenje i ¢iscenje, te koni¢no oblikovanje kori-
jenskoga kanala izvodi se mnogobrojnim tehnikama.
Klinicki postupci su razli€iti i svaki od njih ima svo-
je prednosti i nedostatke. No, njihov je konacni cilj
isti: obrada endodontskog prostora i optimalan ispun
korijenskoga kanala. Zatvoren apeksni otvor te izo-
stanak kroni¢nih upalnih simptoma i uspostva fun-
kcije tretiranoga zuba potpuno c¢e potvrditi uspjeh
endodontskog lije¢enja (3).

Rezultati ove studije pokazuju da ultrazvucna
obrada korijenskoga kanala u kombinaciji s kemij-
skom irigacijom ostavlja vrlo ¢iste povrSine stijen-
ki korijenskoga kanala, otvorene ulaze u dentinske
tubuluse i glatke stijenke korijenskih kanala. Tako
je nazo¢nost te koli¢ina smear layera i debrisa na in-
strumentiranim povr§inama izravno u vezi s primi-
jenjenom tehnikom. Rezultati ove studije idu u pri-
log mnogim istraZivanjima koja su potvrdila visok
stupanj cistoée i glatkoce obradivanih povr§ina
(4,5,6).

Baker (7) i sur. u svojim poredbenim istraZiva-
njima rucne i ultrazvuéne obrade oprezno zakljucu-
ju o prednostima ultrazvuc¢ne obrade korijenskih ka-
nala smanjenim nalazom debrisa na obradivanim
povrSinama. Mandel i sur. (8), procjenjujuci djelo-
tvornost ultrazvucne tehnike, izvijestili su o tesko-
ocama potpunog odstranjenja inficiranoga sdrZaja
korijenskoga kanala. No, autori ne navode jesu li se
sluzili kombinacijom mehanicko-kemijske obrade.

Gorman i sur. (9). izvijestili su godine 1995. da
ultrazvuéna endodontska obrada u kombinaciji s
2,5% Na-hipokloritom znatno manje ostavlja debrisa
na povrSini stijenke korijenskoga kanala u apikal-
noj trecini. Autori su upotrijebili proSirivace, poseb-
no oblikovane i minijaturnoga vrha, kako bi obra-
dili apikalni dio korijenskoga kanala.
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Liolios i sur. (10) usporednom su studijom ru¢-
ne i dvije rotirajuce tehnike instrumentacije zaklju-
¢ili da se naslage zaostatnoga sloja bolje odstranju-
ju istodobnom uporabom organolitickih sredstava,
a manje je odlucujuca tehnika instrumentacije. Au-
tori su dalje utvrdili da ru¢na instrumentacija ostav-
lja manje koli¢ine zaostatnoga sloja na stijenkama
korijenskoga kanala.

Nagy i sur. (11) izvjestili su na temelju rezultata
opSirne in vitro studije da je obrada ultrazvu¢nom
tehnikom znacajno pobolj$ana kroz vise parameta-
ra u odnosu na konvencionalne tehnicke obrade.

Ista skupina autora svojim daljnjim istraZivanji-
ma ravnih korijenskih kanala i korijenskih kanala s
apikalnom zakrivljeno$cu utvrdila je manje modifi-
kacije izvornog oblika i duZine korijenskih kanala
prigodom uporabe ultrazvucéne tehnike (12).

Uspjesno izravnati zakrivljenost korijenskih ka-
nala uz minimalan gubitak radne duZine te sacuvati
apikalnu konstrukciju u izvornome poloZaju i di-
menziji po§lo je za rukom Cheungu i Chanu upora-
bom dviju razli¢itih tehnika obrade tiijjekom endo-
dontskog tretmana (13).

Sva istrazivanja uglavnom pokazuju da sama teh-
nika obrade ne odlucuje apsolutno o stupnju cisto-
ée 1 potpunom odstranjenju inficiranog sadrzaja ko-
rijenskoga kanala te o smanjenom broju mikroorga-
nizama unutar endodontskog sustava. Stovige, sama
instrumentacija stvoriti e zaostatni sloj koji se sa-
stoji od komadica dentina, pulpnoga tkiva te mikro-
organizama i ¢vrsto je vezan za stijenke korijensko-
ga kanala. Vece koli¢ine naslaga debrisa, pretezno
organsko i meko tkivo, zacepljuje otvore na dentin-
skim tubulusima. Bududi da lakse nekrotiziraju or-
ganski dijelovi naslaga, debris ¢ini potencijalno hra-
niliste za razvoj mikroba (14). Zaostatni sloj moze
biti jedan do dva mikrometra debljine. Ako se ne od-
strani tijekom endodontske obrade, moZe povecati
pukotinu izmedu ispuna korijenskoga kanala i sti-
jenki korijenskoga kanala, time ugroziti hermetic-
ko brtvljenje sredstava za ispune korijenskoga ka-
nala, §to znaci i konac¢an uspjeh endodontskog tret-
mana (15).

Szep i sur. su svojim istrZivanjima potvrdili da
Sirenje i izravnavanje zakrivljenih korijenskih kana-
la, rotiraju¢im instrumentima, istina uz dosta visok
rizik loma instrumenata (45%), vremenski znatno
skracuje postupak obrade (16).

Zakljucak

Danas je pitanje opravdanosti endodontskoga li-
jecenja izvan svake rasprave. MoZe se samo posta-
viti pitanje uporabe pojedine tehnike, izbor tehnike
i instrumentarija, te materijala za hermeticku optu-
raciju. Sigurno je da ¢e iskusan klini¢ar indikaciju
za endodontsko lijeCenje ispravno postaviti, ali je
isto tako vazno da se u planiranju postupka terapije
odlu¢i za klini¢ki i ergonomski najprihvatljiviju teh-
niku. Osim toga, dobar klini¢ar mora imati na ra-
spolaganju vise tehnika obrade sustava korijenskih
kanala, a odluciti se mora u svakom slucaju poseb-
no, prema pocetnoj dijagnozi (17). Takoder je pret-
postavka da je klinicar i teoretski i prakticki izobra-
Zen za svaku pojedinu tehniku.
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The Ultrasound Method of
Preparing the Root Canal During
Endodontic Treatment

Summary

Aim of research: The aim of this research was to examine the root
canal wall surface by reflexional microscopy and to evaluate the ef-
fectiveness of ultrasound technique during endodontic treatment.

Material and methods: The experimental part of this study was con-
ducted on extracted human teeth. An ENAC Osada Electric CO. LTD.
ultrasound unit was used in the treatment. The physical principles of
using the ultrasound endodontic unit is based on transversal oscillati-
ons of the scraper. The free vibrating point of the instrument combi-
ned with caustic circulation of Na-Hypochloride solution produces
dynamic stress strong enough to clean the root canal walls.

Results: Analysis of examined specimen micrographs indisputedly
revaled clean and smooth root canal surfaces, sharp and clear conto-
urs around the dentinal tubuli openings and good conduction of the tu-
buli. The results of this research confirmed the effectiveness and advan-
tage of simultaneous use of ultrasound instruments and Na-Hypochlo-
ride during endodontic treatment.

Conclusion: The ultrasound method of preparing the endodontic
space is a method of choice, which, by continued irrigation, efficiently
removes infected tissues from the root canal and conically widens it,
leaving the root canal walls clean, smooth and without residual depo-
Sits.

Key words: endodontic treatment, ultrasound method, smear layer
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Introduction

The fundamental task of endodontic treatment is
to remove the infected pulp tissue, microorganisms
and debris from the root canal. By instrumentation
during the endodontic treatment an appropriate spa-
ce is created for the most hermetic obturation of the
endodontic system. The ultimate objective of the en-
dodontic treatment is to induce bone or cementoid
tissue resistance on the root apex of the tooth.

Ultrasound method of preparation of the root ca-
nal offers a proven improvement of the technique
and in accordance with the better known and ackno-
wledged techniques, presents a method of choice in
the curing process of the diseased pulp and periapi-
cal pathologic changes (1,2).

Research objectives

The object of this study was to examine the root
canal wall surface by reflexional electron micro-
scopy and to evaluate the effectiveness of the ultra-
sound preparation during endodontic treatment. The
criteria for success is the amount of smear layer on
the root canal walls and the number of exposed den-
tinal tubuli.

The treatment method

The experimental part of this study was carried
out in the middle and the apical third of the root ca-
nal of an extracted single root human tooth. An
ENAC Osada Electric CO. LTD. unit was used, for
root canal preparation. The physical principles of
using the ultrasound endodontic unit are based on
transversal oscillations of the scraper. The acoustic
flow of Na-Hypochloride solution (0,5% NaOCl)
bubbles, generated by the free vibrating tip of the
instrument, creates hydrodynamic stress infficiently
strong to remove the smear layer and the residue
from the root canal walls.

65 straight root canals were treated by ultraso-
und method and continually irrigated with Na-
-Hypochloride for 1-3 minutes. During this proce-
dure original ISO spreaders, size 15-40, were used.
On completing instrumentation the root canal walls
were once again irrigated by 0,5% Na-Hypochlori-
de.

The treated root canal samples were steamed by
a thin layer of Gold in a S 150 SPUTTER COA-
TER EDWARDS apparatus for better conduction of
the stream of electrons. A review and analysis of the
specimen surface were conducted on the TV-moni-
tor of a scanning electron microscope type JEOL-5
800 at 500-15000 times magnification. Analysis of
the results of root canal preparation by ultrasonic in-
struments was conducted on micrographs of the sur-
face of the studied specimens.

Results

With the aim of objectively evaluating research
results, the micrographs of the examined specimen
surface were systemically analyzed.

Microphotographs of the examined surfaces un-
doubtedly revealed the success of the applied tec-
hnique of root canal preparation. Clean root canal
wall surface, sharp and clear contours around the
dentin tubuli openings, good conduction in the ini-
tial part of same dentine tubuli indicate the high de-
gree of effectiveness of the ultrasound preparation
of the main root canal and accessory canals. The
walls are smooth, without deposits of debris and par-
ts of the smear layer. Due to complete removal of
the smear layer there is no smear plugs in the den-
tine tubuli openings and therefore a great number
of tubuli have exposed and passable openings, espe-
cially in the initial part of the dentinal tubuli.

The research results clearly suggest effectivene-
ss and advantages of simultaneous use of ultraso-
und instruments and Na-Hypochloride during endo-
dontic treatment.

Discussion

Assuming that cleanliness and smoothness of ro-
ot canal walls, i.e. without deposits of smear layer
and debris are the basic requirements for contem-
porary endodontic procedure, then ultrasound pre-
paration and continued irrigation by chemical solu-
tions have a significant advantage.

Widening, cleaning and conical shaping of the
root canal is carried out by many instrumental tec-
hniques. The clinical procedures differ and each has
certain advantages and disadvantages. Never, the le-
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ss their final aim is the same - preparation of the en-
dodontic space and optimal filling of the root canal.
Closure of the apical opening, the absence of chro-
nic inflammation symptoms and reinstatement of the
function of the treated tooth will definitely prove the
effectiveness of endodontic treatment (3).

The results of this study suggest that ultrasound
preparation of the root canal combined with chemi-
cal irrigation leaves the root canal surface very cle-
an, the openings of the dentinal tubuli exposed and
the root canal walls smooth. As the presence and
amount of the smear layer and debris on the instru-
mented surfaces is directly related to the technique
applied (4,5), the results of this study corroborate
those of numerous investigation which have proved
the high degree of cleanliness and smoothness of
the treated surfaces (4,5,6).

In their comparative research of hand and ultra-
sonic preparation Baker et al. (7) cautiously conclu-
ded the advantages of ultrasonic preparation of ro-
ot canals, finding a lower amount of debris on pro-
cessed surfaces. Mandel et al. (8), evaluating the ef-
fectiveness ultrasound method, reported difficulties
in complete removal of infected material in the ro-
ot canal. Although these authors do not state whet-
her a combined mechanical-chemical method was
used.

In 1955. Gorman et al. (9) reported that the ul-
trasound method of endodontic preparation in com-
bination with 2.5% Na-Hypochloride leaves a sig-
nificantly lower amount of residue on the root ca-
nal wall surface in the apical third. These authors
used specifically designed spreaders with a minute
tip, with the purpose of preparing the apical part of
the root canal.

By comparative studies of hand and two mecha-
nical rotating techniques of instrumentation Liolios
et al. (10) concluded that the deposits of smear la-
yer are more effectively removed by simultaneous
use of organolitic substances and that the technique
of instrumentation itself is of lesser significance.
Furthermore, the authors concluded that hand ins-
trumentation leaves smaller amounts of smear layer
on the root canal walls.

On the basis of a large scale in vitro study, Nagy
et al. (11) reported the preparation of root canals by
the ultrasound method has significantly improved in
many parameters in comparison to conventional tec-
hnical procedures.

The same group of authors, by further research
of straight root canals and root canals with apical
curving revealed smaller modifications of the pri-
mary shape and length of the root canal during the
use of ultrasound technique (12).

Cheung and Chan were successful in straighte-
ning the curvature of the root canal with minimal
loss of the working length and keeping the apical
construction in its primary position and dimension
by using ultrasound technique during endodontic tre-
atment (13).

All research generally reveals that the technique
of preparation in itself does not absolutely ensure
the degree of cleanliness, the complete removal of
infected substances from within the root canal or the
decreased amount of microorganisms within the en-
dodontic system. Furthermore, the instrumentation
itself creates a smear layer composed of dentine par-
ticles, pulp tissue and microorganisms which stron-
gly bonds to the root canal walls. A great amount
of deposited debris mainly composed of organic and
soft tissues forms tubuli plugs in the dentine tubuli
openings. As the organic part of deposits more ea-
sily necroticise, the debris creates a potential feeding
ground for the growth of microbes (14). The smear
layer can be 1-2 micrometers in width. If not remo-
ved during the endodontic process it can increase the
gap between the root canal filling and the root ca-
nal walls and put in question the hermetic sealing
of the substances used to fill the root canal and so
contribute to overall failure of the endodontic treat-
ment (15).

Conclusion

Today the justification of endodontic treatment
is no longer in question. However, the questions
which still remain are, what method to use and the
choice of techniques, instruments and materials for
hermetic obturation. An experienced dentist should,
without question be able to recognise indications for
endodontic treatment, but it is just as important,
when in planning the process of therapy, to decide
on the clinically and economically most acceptable
technique. A good dentist should also have at his di-
sposal several techniques of root canal treatment and
in every case to decide individually, according to the
primary diagnosis and morphologic characteristics
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of the tooth in question. It may also be assumed that ge, both theoretical and practical for performing
the dentist has the appropriate background knowled- each specific technique.
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