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SUMMARY

Introduction All techniques and instruments used to clean and shape canals produce some amount of apically ex-
truded debris. The type of irrigant can affect the amount of apically extruded debris. The aim of the present study was
to quantitatively compare the amount of debris extruded apically from root canals when three different irrigants were
used during canal preparation with hand instruments.

Material and Methods Twenty extracted single-rooted human mandibular premolars with straight root canals were
used. The teeth were randomly divided into 4 groups based on the irrigant used: Group 1: Biopure MTAD (Dentsply),
Group 2: 3% NaOCI (Prima Dentalproducts), Group 3: 2% Chlorhexidine (Vishal Industries, Gujarat), Group 4: Control
(noirrigation). Debris extruded through apical foramen during root canal preparation was collected into pre weighed
empty guttapercha tubes. The weight of dry extruded debris was calculated by subtracting the preinstrumentation
and postinstrumentation weight for each group. Obtained data was analyzed using one-way analysis of variance and
Tukey test.

Results Group 2 (3% sodium hypochlorite) had the greatest amount of extruded debris which was significantly dif-
ferent from other groups (p<0.05).

Conclusion The type of used irrigant can affect the amount of apically extruded debris. Sodium hypochlorite in the

concentration of 3% showed the greatest amount of extruded debris.
Keywords: apically extruded debris (AED); flare ups; irrigants; smear layer

INTRODUCTION

Root canal treatment encompasses thorough cleaning and
shaping of the canal. Cleaning is achieved through proper
instrumentation and irrigation for debridement and dis-
infection of the root canal system in addition to creating
a suitable shape for complete three dimensional obtura-
tion. Various irrigants and medicaments have been used
for cleaning root canals with different results. These in-
clude saline, sodium hypochlorite (NaOCl), chlorhexidine
(CHX), EDTA, citric acid and MTAD. Till date, all of the
techniques and instruments used to clean and shape canals
produce some amount of apically extruded debris (AED).
In 1968, Chapman et al. [1] demonstrated expulsion of in-
fective material from the root canal system during endo-
dontic instrumentation. In 1975, Vande Visse and Brilliant
[2] showed that instrumentation with irrigation produced
significantly more extruded debris than instrumentation
alone. Extrusion of debris in periradicular tissue is one of
major causes of periapical inflammation and postoperative
flare-ups which have been a persistent problem over the
years [3]. It is most often associated with pain and swelling
during or after completion of root canal therapy.

Hence, the importance of minimizing AED needs to be
emphasized. Most of previous investigations have evalu-
ated the amount of AED obtained with various instru-
ments or techniques and different types or concentrations

of irrigants [4-11]. 5.25% solution of NaOCI has shown
the greatest amount of extruded debris [12]. No study has
investigated the effect of various types of irrigants on the
amount of AED.

The aim of the study was to compare the effect of NaO-
Cl, MTAD and CHX on the amount of AED following root
canal preparation.

MATERIAL AND METHODS

Twenty extracted human mandibular premolars with single
patent canals and mature apices were included in this study.
The teeth were cleaned of debris and soft tissue remnants
and stored in the saline solution. The teeth were then deco-
ronated with a diamond disk under copious water spray to
establish a uniform length of 14 mm. A K-file 15 was used
to confirm patency and measure working length by Ingle’s
Method. For sample preparation, empty Gutta-percha plas-
tic tubes were used. These tubes were divided in four groups
based on used irrigant. Group 1: MTAD (Dentsply), Group
2:3% NaOCl, Group 3: 2% CHX (Vishal Industries, Gujarat),
Group 4: Control (no irrigation).

The test tubes in each group were pre weighed three
times and the mean value was expressed in micrograms.
Light weight sponge was used at the base of tooth apex to
simulate periapical tissue resistance. The teeth were then
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fixed with wax inside the test tubes. A 27-gauge needle
was inserted into each tube cover to balance the pressure
between the inside and outside of the tube. Step back tech-
nique was used for root canal prepaation. The apex was
prepared up to the number 30 K file. In all groups, 1 mL of
irrigant was used between consecutive files with one side-
open round-end 28-gauge needle placed 2 mm shorter to
the working length. After completion of root canal prepa-
ration, the canals were dried with paper points, and the
teeth removed from the tubes. All tubes were weighed 3
times again and the mean value was calculated. The dif-
ferences between weights before and after preparation
were calculated and statistically analyzed using one-way
analysis of variance and Tukey test. The level of signifi-
cance was set at 0.05.

RESULTS

The samples in the group 4 showed no significant differ-
ence in weight before and after root canal preparation
(canal preparation without irrigant). Mean weights of
the samples in the groups 1, 2 and 3 were significantly
greater (p<0.05) when their pre treatment and post root
canal preparation measurements were compared. Among
these 3 experimental groups, the group 2 (NaOCl) showed
significantly greater difference in mean weight before and
after root canal preparation compared to other groups
(p<0.05), whereas there was no significant difference be-
tween mean weights in groups 1 and 3 (Table 1).

DISCUSSION

The present study showed that different root canal irrigants
can produce different amounts of AED with the same root
canal preparation technique and instruments. Hillsmann
et al. [13] stated that in endodontic treatment, an instru-
ment used in apical direction acts as a plunger resulting
in periapical extrusion of dentine chips, tissue remnants
and root canal irrigant. The frequency of apical extrusion
is dependent on the type of root canal irrigation system
and apical preparation size [14]. Teeth with open apices,
resorption and those damaged by iatrogenic errors during
instrumentation are at elevated risk for extrusion of NaOCL

In the present study different irrigant solutions with
different tissue-dissolving ability were used. That might
influence the amount of AED produced during root canal
preparation. MTAD, used in the Group 1,is a combination
of doxycycline (3%), citric acid (4.25%) and polysorbate

Table 1. Average weight of apically extruded debris (AED)
Tabela 1. Prosecna tezina apikalno potisnutog debrisa (AED)

Group Average weight of AED (mg)
Grupa Prosecna tezina AED (mg)
1(MTAD) 9.1

2 (NaOCl) 2

3 (CHX) 82

Control (no irrigant) 13

Kontrolna (bez irigansa) :

80 (0.5%) and is used as final rinse after chemical and
mechanical debridement of the root canal. It is the most
effective agent for smear layer removal in the apical third
of root canals. MTAD is the first irrigant that can both
remove smear layer and disinfect root canal [15-19]. This
group showed minimal amount of AED of the first three
groups. This can be attributed to its smear layer dissolv-
ing ability especially in the apical third of the root canal.

In the group 2, NaOCl was used. It is the most frequent-
ly used irrigant in endodontic treatment. There has been
much controversy over the concentration of hypochlorite
solution to be used in endodontics [20, 21, 22]. In this
study we used 3% NaOCI. This group showed maximum
amount of AED which may be explained by its ability to
dissolve organic debris.

In the group 3, 2% CHX was used. It has a broad spec-
trum antimicrobial action with unique property of sub-
stantivity [23, 24]. No significant difference was observed
between pre and post canal preparation weights of the
samples.

In the present study, root canals in the group 4 were
prepared without using an irrigant to determine wheth-
er canal preparation procedure itself results in AED. No
significant difference was observed before and after root
canal preparation in these samples. This is in accordance
with the study of Vande Visse and Brilliant [2], who re-
ported no AED when no irrigant was used during root
canal preparation. This can be explained by the fact that
root canal preparation without using an irrigant may re-
sult in some debris accumulation at the apical end of root
canal and formation of apical plug. It has been shown
that root canal curvature and length can influence the
amount of AED [25]. Therefore, in the present study only
straight root canals of similar lengths were used. Camoes
et al. [26] reported that 5.25% NaOCl has the ability to
penetrate through root canal foramen when canals were
prepared with both patency and no patency techniques.
The results of the present study confirmed that even with
just “one time patency” at the time of working length de-
termination, 3% NaOCI produced significantly more AED
compared with either MTAD or CHX.

CONCLUSION

Under the conditions of the present study, the type of ir-
rigant affected the amount of AED. NaOCl produced the
greatest amount of debris followed by MTAD, 2% CHX
and control group, respectively.
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KRATAK SADRZA)

Uvod Sve metode i svi instrumenti koji su danas u upotrebi u endodontskoj terapiji kanala korena zuba dovode do potiskivanja
odredene koli¢ine debrisa u periapeks. Vrsta irigansa utic¢e na kolicinu periapikalno potisnutog debrisa. Cilj ovog istrazivanja bio je
da se uporedi kolic¢ina debrisa koji je potisnut iz kanala korena u periapikalni prostor tokom obrade kanala ru¢nim instrumentima
i uz primenu tri razlicita irigansa.

Materijal i metode rada Analizirano je dvadeset ekstrahovanih jednokorenih zuba (mandibularnih premolara). Zubi su metodom
slu¢ajnog izbora svrstani u Cetiri grupe prema irigansu koji je koris¢en za ispiranje kanala: u prvoj grupi upotrebljen je Biopure MTAD
(Dentsply), u drugoj grupi troprocentni natrijum-hipohlorit (Prima Dentalproducts), u tre¢oj grupi dvoprocentni hlorheksidin (Vishal
Industries, Gudzarat), dok je ¢etvrta grupa bila kontrolna (bez irigansa). Debris koji je bio potisnut u periapikalni prostor prikupljen
je u prethodno izmerene prazne kutijice gutaperke. Masa suvog debrisa dobijena je kao razlika periapikalne mase pre i posle instru-
mentacije kanala. Dobijeni podaci su analizirani pomocu jednofaktorske analize varijanse i Tukijevog (Tukey) testa.

Rezultati U drugoj grupi, gde je primenjen troprocentni natrijum-hipohlorit, izmerena je najveca kolic¢ina debrisa, $to je bilo stati-
sticki znacajno razlic¢ito u odnosu na ostale grupe (p<0,05).

Zakljucak Vrsta irigansa moze uticati na koli¢inu apikalno potisnutog debrisa. Najveca koli¢ina debrisa bila je potisnuta u periapeks

kada je koris¢en natrijum-hipohlorit u koncentraciji od 3%.

Kljucne reci: apikalno potisnut debris (AED); upala; irigansi; razmazni sloj

uvoD

Endodontsko lecenje kanala korena zuba obuhvata ¢is¢enje i ob-
likovanje kanalnog prostora. Cis¢enje kanala postize se pomocu
odgovarajucih instrumenata i irigansa koji pored omogucavanja
davanja adekvatnog oblika kanalu korena pomazu debridman
i dezinfekciju, kako bi se postigla potpuna trodimenzionalna
opturacija. Razli¢iti irigansi i lekovi se primenjuju za ¢i$cenje
kanala korena s razli¢itim rezultatima. To su: fizioloski ras-
tvor, natrijum-hipohlorit (NaOCl), hlorheksidin (CHX), EDTA,
limunska kiselina i MTAD. Sve metode i instrumenti koji se
danas koriste za ¢iS¢enje i oblikovanje kanala dovode do posti-
skivanja odredene kolic¢ine debrisa u periapeks. Jo§ 1968. godine
Cepman (Chapman) i saradnici [1] su pokazali potiskivanje in-
fektivnog materijala iz kanala korena u periapeks. Godine 1975.
Vand Vis (Vande Visse) i Brilijant (Brilliant) [2] su pokazali da
preparacija kanala uz irigaciju stvara znatno vecu koli¢inu de-
brisa nego preparacija kanala bez irigacije. Potiskivanje debrisa
iz kanala korena u periapeks moze dovesti do upalnog procesa
u periapeksu i postoperacionog bola ili otoka tokom ili po za-
vr$etku endodontskog le¢enja [3].

Dakle, debris potisnut u periapeks (engl. apically extruded
debris — AED) ima veliki znacaj. U ranijim istraZivanjima proce-
njivana je koli¢ina AED kada su kori$¢eni razli¢iti instrumenti,
tehnike i irigansi [4-11]. NaOCI u koncentraciji od 5,25% daje
najvecu koli¢inu AED [12]. Nijedna studija se jo$ nije bavila
ispitivanjem uticaja razli¢itih irigansa na koli¢inu AED.

Cilj istrazivanja je bio da se uporedi uticaj NaOCI, MTAD i
CHX na koli¢inu AED tokom preparacije kanala korena zuba.

MATERIJAL | METODE RADA
Studijom je obuhvaceno dvadeset ekstrahovanih jednokore-

nih zuba, i to mandibularnih premolara sa zavr$enim rastom
korena. Zubi su pre analize oc¢i$¢eni od debrisa i mekih tkiva

i potopljeni u fizioloski rastvor. Krunica zuba je uklonjena di-
jamantskim diskom s obilnom koli¢inom vode, da bi se dobila
jednaka duzina korena od 14 mm. Pomocu K-prosirivaca veli-
¢ine 15 potvrdena je prohodnost kanala i odredena radna du-
zina po Inglovoj (Ingle) metodi. Za izradu uzoraka kori$¢ene su
prazne kutijice od gutaperka-kocica. Formirane su cetiri grupe
u odnosu na vrstu irigansa koji je primenjen: u prvoj grupi ko-
ri$¢en je Biopure MTAD (Dentsply), u drugoj grupi troprocent-
ni NaOCl (Prima Dentalproducts), u trecoj grupi dvoprocentni
CHX (Vishal Industries, Gudzarat), dok je Cetvrta grupa bila
kontrolna (bez irigansa).

Prazne kutijice su izmerene tri puta, a srednja vrednost nji-
hove mase izrazena u mikrogramima. Lagani sunderi su po-
stavljeni na apeksu zuba, kako bi simulirali otpor periapeksa.
Potom su zubi fiksirani voskom unutar kutijica. Igla debljine
27 G postavljena je u poklopac svake kutijice, da bi se odrzao
jednak pritisak izmedu unutrasnjosti i spoljasnosti kutijice. Ka-
nali su obradeni tzv. step-back tehnikom. Apeks je bio obraden
do veli¢ine 30. Izmedu dva instrumenta kanal je ispiran sa 1
ml irigansa uz primenu igle sa bo¢nim otvorom veli¢ine 28,
postavljenom na 2 mm krace od radne duzine. Nakon obra-
de kanali su posu$eni papirnim poenima a zubi uklonjeni iz
kutijica. Sve kutijice su ponovo izmerene tri puta i izracunata
je srednja vrednost. Nakon izracunavanja razlike u tezini pre i
nakon obrade kanala rezultati su statisticki obradeni jednostru-
kom analizom varijanse i Tukijevim (Tukey) testom. Znadajnost
je postavljena na nivo od 0,05.

REZULTATI

Nije bilo statisticki znacajne razlike u tezini uzoraka pre i posle
endodontske obrade kanala korena u kontrolnoj grupi uzora-
ka (preparacija kanala bez irigacije). Prose¢ne mase uzoraka u
ostale tri grupe bile su znacajno vece (p<0,05) posle zavrSene
preparacije kanala korena u odnosu na masu pre obrade kanala.



U drugoj grupi (NaOCl) utvrdena razlika u tezini AED pre i po-
sle preparacije kanala korena bila je statisticki znacajno razlicita
u odnosu na prvu i tre¢u grupu (p<0,05), izmedu kojih nije bilo
statisticki znacajne razlike (Tabela 1).

DISKUSIJA

Istrazivanje je pokazalo da upotreba razlicitih irigansa istom me-
todom obrade kanala korena i uz iste instrumente moze dovesti
do potiskivanja razli¢ite koli¢ine debrisa u periapeks. Hilsman
(Hiilsmann) i saradnici [13] navode da tokom endodontskog
le¢enja pokreti instrumenta u apikalnom smeru deluju kao klip
koji dovodi do periapikalnog potiskivanja dentinskih strugoti-
na, ostataka tkiva i irigansa. Potiskivanje irigansa u periapeks
zavisi od vrste irigansa i veli¢ine apikalnog otvora [14]. Zubi s
otvorenim apeksom, resorpcijom i oni o$tec¢eni tokom obrade
kanala su pod vec¢im rizikom od potiskivanja NaOCl u periapeks.

U ovom istrazivanju su kori$c¢eni irigansi koji se razlikuju
po sposobnosti rastvaranja tkiva, $to moze uticati na koli¢inu
AED nastalog tokom preparacije kanala korena. MTAD, koji je
primenjen u prvoj grupi, jeste kombinacija doksiciklina (3%),
limunske kiseline (4,25%) i polisorbata 80 (0,5%), a koristi se
kao rastvor za zavr$no ispiranje nakon preparacije kanala. On
je najbolje sredstvo za uklanjanje razmaznog sloja u apikalnoj
trec¢ini kanala. MTAD je prvi irigans koji moze ukloniti razma-
zni sloj 1 istovremeno dezinfikovati kanal [15-19]. U ovoj grupi
uzoraka uoceno je vrlo malo potiskivanje debrisa u porede-
nju sa drugom i trecom grupom. To se mozZe pripisati njegovoj
sposobnosti uklanjanja razmaznog sloja, narocito u apikalnoj
trecini kanala korena.

NaOCl je kao irigans koris¢en u drugoj grupi. On je najcesce
primenjivan irigans u endodontskoj terapiji. Bilo je puno po-
lemike oko koncentracije NaOCl koju bi trebalo upotrebljavati
za ispiranje kanala [20, 21, 22]. U ovom istrazivanju kori$¢en je
troprocentni NaOCl. On je ujedno i pokazao maksimalno po-
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tiskivanje debrisa iz kanala preko apeksa, $to se moze objasniti
njegovom sposobnoscu rastvaranja organske materije.

Dvoprocentni CHX je kori$¢en kao irigans u tre¢oj grupi.
On ima $irok spektar antimikrobnog delovanja s jedinstvenom
osobinom zadrZavanja na supstratu [23, 24]. U ovoj grupi nije
bilo znacajne razlike izmedu mase periapeksa pre i posle pre-
paracije kanala korena.

Kanali korena uzoraka zuba kontrolne grupe obradeni su
bez upotrebe irigansa, da bi se utvrdilo da li preparacija bez
primene irigansa dovodi do potiskivanja debrisa u periapeks.
Rezultati su pokazali da nije bilo statisticki znacajne razlike pre
i posle preparacije kanala u ovog grupi. Oni su u skladu s nala-
zima studije Vand Visa i Brilijanta [2], koji su pokazali da nije
doslo do potiskivanja debrisa u periapeks kada tokom obrade
kanala korena nije kori$¢en irigans. To se moZe objasniti time
da je najverovatnije doslo do akumulacije debrisa u apikalnom
delu kanala i stvaranja ¢epa. Pokazano je takode da zakrivlje-
nost i duzina kanala mogu biti znacajni faktori koji odreduju
koli¢inu AED [25]. Stoga su u ovo istrazivanje bili uklju¢eni
samo pravi koreni sli¢ne duZine. Kamos (Camoes) i saradnici
[26] su utvrdili da NaOCl u koncentraciji od 5,25% prolazi kroz
apikalni foramen u periapeks kada je kori§¢en tokom obrade
kanala tehnikama koje daju prohodan, ali i onima koje ne daju
prohodan apeks. Rezultati ovog istrazivanja su potvrdili da ¢ak
i sa jedanput proverenom prohodno$c¢u kanala korena u tre-
nutku odredivanja radne duzine troprocentni NaOCl je doveo
do potiskivanja znatno vece koli¢ine debrisa u periapeks nego
MTAD ili CHX.

ZAKYUCAK

U uslovima pod kojima je izvedena ova studija vrsta irigansa je
uticala na koli¢inu AED. NaOCl je doveo do potiskivanja naj-
vece koli¢ine debrisa, potom MTAD i dvoprocentni CHX, dok
je u kontrolnoj grupi najmanje debrisa potisnuto u periapeks.
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