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Abstract

Objective: The removal of the root canal sealer is an important factor in nonsurgical retreatment. The
aim of this study was to compare the removal of AH Plus, Well Root ST, and AH Plus Bioceramic Seal-
er using Protaper Universal retreatment files. Methods: The curved mesio-buccal canals of extracted
mandibular molars were prepared with the Protaper Gold file system (up to F2). Specimens were ran-
domly divided into 3 groups and filled with the single cone technique using AH Plus, Well-Root ST,
and AH Plus Bioceramic Sealer, respectively. After two weeks, the root canal filling of all specimens
was removed using Protaper Universal retreatment files. All specimens were scanned using micro-CT.
The remaining volume of the root canal filling was recorded in total and the coronal, middle, and api-
cal third of each specimen. Results: Well-Root ST and AH Plus Bioceramic Sealer groups had a higher
percentage of total remaining filling material than the AH Plus group (P<0.05). Conclusion: This study
has shown that the volume of remaining root canal filling was significantly higher in the samples filled
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Introduction

The chemomechanical preparation and three-dimension-
al filling of the root canal system are critical components of
endodontic treatment success (1). Inadequate cleaning, shap-
ing, and filling can lead to the failure of primary root canal
treatment (2). Nonsurgical retreatment is the first treatment
option to overcome this failure (3). Root canal filling consists
of gutta-percha, a core material placed using cold or warm
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Uvod

Kemomehanicka obrada i trodimenzionalno punjenje
sustava korijenskih kanala kriti¢ne su komponente uspjeha
endodontskog lijecenja (1). Neodgovarajuée ¢iséenje, obliko-
vanje i punjenje mogu zavrsiti neuspje$nim primarnim lije-
¢enjem korijenskog kanala (2). Nekirurska revizija prva je te-
rapijska opcija za prevladavanje tog neuspjeha (3). Punjenje
korijenskog kanala sastoji se od gutaperke, jezgrenog materi-
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techniques, and cement that seals the interface between the
core and dentinal walls (4). The nonsurgical retreatment pro-
cedure removes existing canal filling materials. In particular,
the root canal sealer is an important factor that affects the re-
moval of canal filling (5).

Nowadays, there are various root canal sealers in terms
of content in dental marketing. AH Plus (Dentsply De Trey
Gmbh, Konstanz, Germany) epoxy resin-containing sealer is
widely used in endodontics. AH Plus exhibits physicochem-
ical properties such as high radiopacity, low solubility, suit-
able flow, and superior bond strength with dentinal walls (6).
Recently, calcium silicate-based sealers, which are called bio-
ceramic sealers, have become very popular and tricalcium sil-
icate or calcium phosphate based root canal sealers are called
bioceramic sealers (7). Calcium silicate-based sealers exhib-
it Ca™ release ability, bioactivity, and biocompatibility (8).
These materials contribute to a better prognosis of endodon-
tic treatment with their bioactivity in the periapical area (9).
Therefore, Well-Root ST (Vericom, Gangwon-Do, Korea) is
based on tricalcium silicate, which contains zirconium ox-
ide, calcium silicate, filler, and thickening agents in its com-
position. This sealer is an injectable bioceramic paste that has
been pre-mixed and designed for root canal treatment. (10).
It has hydrophilic characteristics and needs the presence of
humidity for hardening (11). It has been reported that the
setting time of Well-Root ST is 25 minutes; however, the
setting time in root canals can be more than 2.5 h (10). AH
Plus Bioceramic Sealer (Dentsply Sirona, Dental Special-
ties, Tulsa) was introduced as a new bioceramic sealer. This
product is premixed and injected into the canal with special
24-gauge tips designed for single use only. Its chemical struc-
ture includes zirconium dioxide, tricalcium silicate, dimeth-
yl sulfoxide, lithium carbonate, and thickening agents (12).
Moreover, despite AH Plus having been assessed in previ-
ous studies (13, 14) there is no study on the removal of Well-
Root ST and AH Plus Bioceramic Sealer in the literature.

The effectiveness of the PTU retreatment file system in
removing filling material has been demonstrated in previous
studies, therefore it is used as the standard in this study (15,
16). Microcomputed tomography (micro-CT) is an analy-
sis method that allows the 3D qualitative, and quantitative
evaluation of the location and volume of root canals and end-
odontic materials (17). Physical and mechanical properties of
the filling material as well as the properties of the surface of
dentin, such as the existence of the smear layer, affect the in-
teraction between the material and dentin surface (18). The
aim of this study was to compare the removal of AH Plus,
Well-Root ST, and AH Plus Bioceramic Sealer using Prota-
per Universal retreatment files with micro-CT analysis.

Materials and methods

The selection of specimens

This study was conducted with the approval of the Eth-
ical Committee of Ankara University Faculty of Dentistry

Mogucnost retretiranja sredstava za brtvljenje korijenskih kanala

jala koji se postavlja tehnikom hladne ili tople kondenzacije i
cementa koji brtvi sucelje izmedu jezgre i stijenki dentina (4).
Nekirurskim postupkom revizije uklanjaju se postojeci ma-
terijali za punjenje kanala. Konkretno, cement za brtvljenje
korijenskih kanala vazan je ¢imbenik koji utje¢e na mogu¢-
nost uklanjanja punjenja iz kanala (5).

Danas postoje razlicita sredstva za brtvljenje korijenskih
kanala, a razlikuju se po sastavu. AH Plus (Dentsply De Trey
Gmbh, Konstanz, Njemacka) brtvilo je koje sadrzava epoksid-
nu smolu i nasiroko se koristi u endodonciji. Njegova su fizi-
kalno-kemijska svojstva sljedeca: visoka rendgenska vidljivost,
niska topljivost, odgovarajuca te¢nost i dobra vezna ¢vrstoca
sa stijenkama dentina (6). Cementi na bazi kalcijeva silikata,
koji se nazivaju biokeramicka brtvila, postali su vilo popular-
ni posljednjih godina, a cementi na bazi trikalcijeva silikata ili
kalcijeva fosfata nazivaju se biokeramicka brtvila (7). Cemen-
ti na bazi kalcijeva silikata otpustaju Ca™ te pokazuju svojstva
bioaktivnosti i biokompatibilnosti (8). Ti materijali svojom bi-
oaktivno$¢u u periapikalnom podrucju pridonose boljoj pro-
gnozi endodontskog lije¢enja (9). Stoga se Well-Root ST (Veri-
com, Gangwon-Do, Korea) temelji na trikalcijevu silikatu koji
u svojem sastavu ima cirkonijev oksid, kalcijev silikat, punilo
i zgusnjivace. To brtvilo je biokeramicka pasta za ubrizgava-
nje koja je prethodno izmijesana i predvidena za lijecenje ko-
rijenskog kanala. (10). Ima hidrofilna svojstva i potrebna joj je
vlaga za stvrdnjavanje (11). Zabiljezeno je da je vrijeme stvrd-
njavanja Well-Root ST-a 25 minuta, ali u korijenskim kanali-
ma moze biti i vise od 2,5 sata (10). AH Plus Bioceramic Se-
aler (Dentsply Sirona, Dental Specialties, Tulsa) predstavljen
je kao novi biokeramicki materijal za brtvljenje. Taj se proi-
zvod najprije mijesa i zatim ubrizgava u kanal s posebnim na-
stavcima veli¢ine 24 G koji su namijenjeni samo za jednokrat-
nu upotrebu. Njegova kemijska struktura ukljucuje cirkonijev
dioksid, trikalcijev silikat, dimetil sulfoksid, litijev karbonat i
sredstva za zgu$njavanje (12). Stovie, unato¢ tomu $to je AH
Plus procijenjen u dosadasnjim istrazivanjima (13, 14), u li-
teraturi nema istrazivanja o mogu¢nosti uklanjanja cemenata
Well-Root ST i AH Plus Bioceramic Sealer.

Utinkovitost PTU sustava instrumenata za reviziju u
uklanjanju materijala za punjenje dokazana je u dosadasnjim
istrazivanjima i zato je koristena kao standard u ovom istra-
zivanju (15, 16). Mikrokompjutorizirana tomografija (mi-
kro-CT) metoda je analize koja omogucuje 3D kvalitativ-
nu i kvantitativou procjenu polozaja i volumena korijenskih
kanala te endodontskih materijala (17). Fizikalne i mehani¢-
ke znacajke materijala za punjenje te karakeeristike povrsi-
ne dentina, kao $to je postojanje sloja onecis¢enja, utje¢u na
interakciju materijala s povrSinom dentina (18). Svrha ovog
istrazivanja bila je usporediti mogu¢nost uklanjanja cemena-
ta AH Plus, Well-Root ST i AH Plus Bioceramic Sealer kori-
stenjem Protaper Universal instrumenata za reviziju s pomo-
¢u mikro-CT analize.

Materijali i metode

Prikupljanje uzoraka

Za ovo istrazivanje dobiveno je odobrenje Etickog odbo-
ra Stomatoloskog fakulteta Sveucilista u Ankari (br. 18/01).
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(no:18/01). The authors confirm that all procedures were fol-
lowed in compliance with applicable guidelines and regula-
tions. First and second mandibular molar human teeth were
collected that had been extracted for various reasons such as
periodontal and periapical diseases. The roots of specimens
had no caries and closed apex. Soft tissues and residual debris
were removed carefully using a periodontal scaler and curette,
and teeth were stored in distilled water at room temperature
until the experimental procedure. Initial micro-CT scan-
ning (Bruker microCT Systems, Kontich, Belgium) was per-
formed to examine the root canal morphology of the teeth.

A total of 35 samples were scanned using the parameters
tube voltage 90 kVp, beam current 100 pA, 1 mm Cu filter,
and 22.0 pm pixel size. The samples were scanned 360° with
rotation at 0.2 steps. The mean time of scanning was around
33 min. NRecon (ver. 1.7.4, Bruker microCT Systems, Kon-
tich, Belgium) software was used for the reconstruction of
the images. NRecon was used to obtain 1024x1024 pixels
with 16-bit gray-level axial 2-dimensional images. CTAn (v.
1.20.3 Bruker microCT Systems, Kontich, Belgium) soft-
ware was used for image analysis.

Because of scanning, the 31 roots were determined with-
out pulp stone, internal or external resorption, or fracture.
Root canal curvature was determined according to the
Schindler method (19) and 30° curved roots that exhibit cor-
onal to apical mesiobuccal (MB) canal structure were includ-
ed in the study. The sample size calculation was carried out
by performing the G*Power analysis (Franz Faul, Universitit
Kiel, Kiel, Germany) and the number of samples for each
group was determined as n=9. Eventually, experimental pro-
cedures were performed with 27 samples which met the cri-
teria.

Specimen Preparation

The crowns of the specimens were separated perpendic-
ular to the long axis under water cooling at a standard posi-
tion approximately 13 mm from the apex, and then the dis-
tal root was removed. To determine the working length, a
#15 K file progressed until the tip came out of the apical fo-
ramen. All MB canals were prepared up to #F2 (0.25 / .08v)
using the Protaper Gold rotary file system (Dentsply Maille-
fer, Ballaigues, Switzerland). The root canal preparation was
performed using an X-Smart Plus (Dentsply Maillefer, Ballai-
gues, Switzerland) endodontic motor. The canals were irrigat-
ed with 5.25% sodium hypochlorite during preparation, fol-
lowed by 17% EDTA solution and distilled water for 1 min.
After cleaning and shaping, the canals were dried with paper
points. The specimens were randomly divided into 3 groups.
The single cone technique was performed for root canal filling
(F2 gutta-percha cone, Dentsply Sirona, Tulsa Dental Special-
ties, USA). The two individual components of AH Plus were
mixed according to the manufacturer’s instructions and the
gutta-percha cones were covered with sealer and inserted into
the canal. Well Root ST and AH Plus Bioceramic Sealer, pre-
mixed and available in the syringe, were injected into the canal
through special cannulas, and then gutta-percha cones were
placed. After the filling procedure, the gutta-percha cones
were cut at the the canal orifice and condensed with a plugger.

Retreatability of Root Canal Sealers .

Autori potvrduju da su svi postupci provedeni u skladu s va-
ljanim smjernicama i propisima. Prikupljeni su ljudski prvi
i drugi kutnjaci donje ¢eljusti koji su bili izvadeni iz raznih
razloga kao $to su parodontne i periapikalne bolesti. Kori-
jeni uzoraka bili su bez karijesa i apeks im je bio zatvoren.
Meko tkivo i zaostali debris pazljivo su uklonjeni parodon-
toloskim strugacima i kiretama, a zubi su pohranjeni u de-
stiliranoj vodi na sobnoj temperaturi do eksperimentalnog
postupka. Pocetno mikro-CT skeniranje (Bruker microCT
Systems, Kontich, Belgija) ucinjeno je da bi se ispitala morfo-
logija korijenskoga kanala zuba.

Ukupno je skenirano 35 uzoraka uz sljedeée parameta-
re: napon cijevi 90 kVp, struja snopa 100 pA, 1 mm Cu fil-
tar i veli¢ina piksela 22,0 pm. Uzorci su skenirani 360° uz
rotaciju od 0,2 koraka. Prosje¢no vrijeme skeniranja bilo je
oko 33 minute. Za rekonstrukciju slika koristen je softver
NRecon (ver. 1.7.4, Bruker microCT Systems, Kontich, Bel-
gija). NRecon je koristen za dobivanje 1024 x 1024 piksela sa
16-bitnim aksijalnim dvodimenzionalnim slikama s razinom
sive boje. Za analizu slike koristen je softver CTAn (v. 1.20.3
Bruker microCT Systems, Kontich, Belgija).

Skeniranjem je odreden 31 korijen bez pulpnog kamen-
ca, unutarnje ili vanjske resorpcije ili frakture. Zakrivljenost
korijenskog kanala odredena je Schindlerovom metodom
(19), a za istrazivanje su odabrani korjenovi zakrivljeni pod
kutom od 30° koji pokazuju strukturu koronalnoga do api-
kalnoga meziobukalnog (MB) kanala. Izra¢un veli¢ine uzor-
ka proveden je G*Power analizom (Franz Faul, Universitit
Kiel, Njemacka), a broj uzoraka za svaku skupinu odreden je
kao n = 9. U konac¢nici, eksperimentalni postupci provedeni
su s 27 uzoraka koji su ispunjavali kriterije.

Priprema uzoraka

Krune uzoraka odvojene su okomito na aksijalnu os uz
hladenje vodom priblizno 13 mm od apeksa, a zatim je uklo-
njen distalni korijen. Kako bi se odredila radna duljina, in-
strument K #15 guran je do vrha dok nije izasao iz apikalnog
foramena. Svi MB kanali instrumentirani su do #F2 (0,25
/ .08v) koristenjem Protaper Gold rotacijskog sustava dato-
teka (Dentsply Maillefer, Ballaigues, Svicarska). Preparacija
korijenskog kanala obavljena je endodontskim motorom X-
Smart Plus (Dentsply Maillefer, Ballaigues, Svicarska). Ka-
nali su irigirani 5,25-postotnim natrijevim hipokloritom ti-
jekom instrumentacije, zatim jednu minutu 17-postotnom
otopinom EDTA-e¢ i destiliranom vodom. Nakon ¢is¢enja i
oblikovanja osuseni su papirnatim $tapi¢ima. Uzorci su na-
sumi¢no podijeljeni u tri skupine. Za punjenje korijenskog
kanala primijenjena je tehnika jedne gutaperke (F2 gutaper-
ka konus, Dentsply Sirona, Tulsa Dental Specialties, SAD).
Dvije pojedina¢ne komponente AH Plusa pomijesane su u
skladu s uputama proizvodaca, a $tapi¢i gutaperke umoce-
ni su u cement za brevljenje i umetnuti u kanal. Well Root
ST i AH Plus Bioceramic Sealer, koji se isporucuju u $trealj-
ki, ubrizgani su u kanal kroz posebne kanile, a zatim su po-
stavljeni Stapici gutaperke. Poslike postupka punjenja Stapici
gutaperke izrezani su na otvoru kanala i kondenzirani nabi-
jacem.
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The quality of the root canal filling was checked with
micro-CT scanning. Segmentation of the material, dentin,
and canal void was carried out using CTAn with the help
of global thresholding. The calculations of the remaining
materials and the conal void were analyzed after ROI selec-
tion. CTVox (v. 3.3.0 Bruker microCT Systems, Kontich,
Belgium) was used for 3D visualization. CT Vol (v. 2.3.2.0
Bruker microCT Systems, Kontich, Belgium) was used for
3D visualization of the models created using CTAn soft-
ware. DataViewer (v. 1.5.6.2 Bruker microCT Systems, Kon-
tich, Belgium) was used for the 2D visualization. The access
cavity of all samples was closed using temporary filling mate-
rial (Cavit, 3 M ESPE, St Paul, MN), and the samples were
stored in a humid chamber at 37 °C for 2 weeks.

Removal of filling materials

Protaper Universal Retreatment Files and an X-Smart
Plus endomotor were used to remove the canal filling. The
instruments were used with a pecking motion, and the ca-
nals were irrigated with 5.25% sodium hypochlorite during
preparation. Protaper Gold F3 file was used for the final api-
cal preparation. Then, 17% EDTA and distilled water were
used for the final rinse, respectively. After each instrumenta-
tion, residues on the file were gently cleaned. The canals were
prepared until the file reached the working length. The pa-
tency was checked with a #15 no K file. No solvent was ap-
plied during the removal of the canal filling. All procedures
were performed by a single endodontist.

Final micro-CT scanning

The remaining volume of canal filling for each specimen
was measured as the total, coronal, middle, and apical parts
of the canals. The region of interest (ROI) for mesiobuccal
canals was 13 mm from the apex of the mesial root, and
was determined by integration of the ROI in all slices us-
ing CTAn software. The accuracy of the segmentation was
verified by making comparisons between the original and
segmented scans. 3D models were created with volumetric
analysis. (Figure 1) After the re-instrumentation procedure,
the remaining obturation material and dentin volumes were
measured in cubic millimeters for the total canal and its cor-
onal, middle, and apical thirds (Figure 2). The isthmus area
was excluded from the analysis as it cannot be reached to re-
move filling in this area using only re-instrumentation. The
percentage of the remaining total filling material was calcu-
lated using the following formula:

% remaining filling material after retreatment =

_ Volume of remaning filling after retreatment « 100
Volume of prepared root canal

Statistical analysis

IBM SPSS Statistics 26.0 was used to carry out the statis-
tical analyses (IBM SPSS Inc., Chicago, USA). The Shapiro-
Wilk test was used to determine whether the data distribu-
tion was normal. Since all data are not normally distributed,
statistical analysis was performed with a non-parametric test
by using the Kruskal-Wallis for the remaining canal filling
volume comparisons.

Mogucnost retretiranja sredstava za brtvljenje korijenskih kanala

Kvaliteta punjenja korijenskog kanala provjerena je mi-
kro-CT snimkom. Segmentacija materijala, dentina i $uplji-
ne kanala provedena je s pomo¢u CTAn-a s pomocu global-
noga praga. Izracuni preostalog materijala i konalne $upljine
analizirani su nakon odabira ROI-a. Za 3D vizualizaciju ko-
risten je CT Vox (v. 3.3.0 Bruker microCT Systems, Kontich,
Belgija). CTVol (v. 2.3.2.0 Bruker microCT Systems, Kon-
tich, Belgija) koristen je za 3D vizualizaciju modela kreira-
nih s pomocu softvera CTAn. Za 2D vizualizaciju koristen
je DataViewer (v. 1.5.6.2 Bruker microCT Systems, Kontich,
Belgija). Pristupni kavitet svih uzoraka zatvoren je privreme-
nim materijalom za ispune (Cavit, 3 M ESPE, St Paul, MN),
a uzorci su pohranjeni dva tjedna u vlaznom mediju na 37

°C.

Uklanjanje materijala za punjenje

Za uklanjanje materijala za punjenje iz kanala upotrijeblje-
ni su instrumenti Protaper Universal Retreatment Files i en-
domotor X-Smart Plus. Koristeni su kljucajuéim pokretima,
a kanali su tijekom pripreme irigirani 5,25-postotnim natri-
jevim hipokloritom. Za zavr$nu apikalnu preparaciju koristen
je instrument Protaper Gold F3. Zatim je posljednje ispira-
nje obavljeno 17-postotnom EDTA-om i destiliranom vodom.
Nakon svake instrumentacije ostatci na instrumentima njez-
no su o¢is¢eni. Kanali su obradivani dok instrument nije dose-
gnuo radnu duljinu. Prohodnost je provjerena instrumentom
K #15. Tijekom uklanjanja materijala za punjene kanala nije
upotrijebljeno otapalo. Sve zahvate obavljao je jedan endodont.

Zavrsno mikro-CT skeniranje

Preostali volumen materijala za punjenje kanala za svaki
uzorak mjeren je kao ukupni, te za koronarni, srednji i api-
kalni dio kanala. Podrugje interesa (ROI) za meziobukalne
kanale bilo je 13 mm od vrha mezijalnog korijena i odrede-
no je integracijom ROI-ja u svim rezovima s pomocu softve-
ra CTAn. To¢nost segmentacije provjerena je usporedbom
izmedu izvornih i segmentiranih skenova. Trodimenzionalni
(3D) modeli izradeni su volumetrijskom analizom (slika 1.).
Poslije postupka reinstrumentacije, preostali volumen mate-
rijala za punjenje i dentina izmjereni su u prostornim mili-
metrima za cijeli kanal i njegovu koronarnu, srednju i apikal-
nu tre¢inu (slika 2.). Podrucje istmusa isklju¢eno je iz analize
jer se ne moze dosegnuti da bi se uklonilo punjenje u tom po-
drucju samo reinstrumentacijom. Postotak preostaloga uku-
pnog materijala za punjenje izratunat je s pomocu sljedece

jednadzbe:

% preostali materijal za punjenje nakon reinstrumentacije =

_ Volumen preostalog punjenja nakon reinstrumentacije « 100
Volumen prepariranog korijenskog kanala

Statisti¢ka analiza

Za statisticku analizu koristen je IBM SPSS Statistics
26.0 (IBM SPSS Inc., Chicago, SAD). Shapiro-Wilkov test
upotrijebljen je da se utvrdi je li distribucija podataka nor-
malna. Budu¢i da svi podatci nisu bili normalno raspodije-
ljeni, statisticka analiza provedena je neparametrijskim Kru-
skal-Wallisovim testom za usporedbu preostalog volumena
materijala za punjenje kanala.
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Retreatability of Root Canal Sealers .

Figure 1 Representative micro-CT images show that the remaining filling materials in the canals after retreatment: a; AH Plus, b; Well-Root ST,

¢; AH Plus Bioceramic Sealer

Slika 1. Reprezentativne mikro-CT slike pokazuju preostali materijal za punjenje u kanalima poslije revizije: a; AH Plus, b; Well-Root ST, ¢; AH

Plus biokeramicko brtvilo

Figure 2 Representative micro-CT images show that the axial section of coronal, middle and apical regions: 1a; AH Plus coronal, 2a; Well-
Root ST coronal, 3a; AH Plus Bioceramic Sealer coronal, 1b; AH Plus middle, 2b; Well-Root ST middle, 3b; AH Plus Bioceramic Sealer
middle, 1c; AH Plus apical, 2c; Well-Root ST apical, 3¢; AH Plus Bioceramic Sealer apical

Slika 2. Reprezentativne mikro-CT slike pokazuju aksijalni presjek koronarne, srednje i apikalne regije: 1a; AH Plus koronarno, 2a; Well-Root
ST krunica, 3a; AH Plus Bioceramic Sealer koronarno, 1b; AH Plus sredina, 2b; Well-Root ST sredina, 3b; AH Plus Bioceramic Sealer
sredina, 1c; AH Plus apikalno, 2c; Well-Root ST apikalno, 3c; AH Plus Bioceramic Sealer apikalno

Results

The mean values of the percentage of total remaining
root canal filling materials are presented in Table 1. There
was no statistically significant difference between the AH
Plus Bioceramic Sealer and Well Root-ST groups in terms
of total remaining root canal filling (p>0.05). The AH Plus
group had a lower percentage of total remaining canal filling
than the other groups ( p p<0.05). Pairwise comparisons of
the groups are presented in Table 2.

Rezultati

Srednje vrijednosti postotka ukupnoga preostalog mate-
rijala za punjenje u korijenskom kanalu prikazane su u tabli-
ci 1. Nije bilo statisticki znacajne razlike izmedu skupina AH
Plus Bioceramic Sealer i Well Root-ST kad je rije¢ o ukupno-
me preostalom materijalu za punjenje korijenskog kanala (p >
0,05). Skupina AH Plus imala je niZi postotak ukupnoga pre-
ostalog materijala za punjenje kanala od ostalih skupina (p
< 0,05). Usporedbe parova skupina prikazane su u tablici 2.

Table1  Total Percentage of Remaining Root Canal Filling Materials (%)
Tablica 1. Ukupni postotak preostaloga materijala za punjenje korijenskog kanala (%)
N Mean ¢ Prosjek Me.a e Min Max
Prosjek rangova
AH Plus 9 2.36* 4.00 1.07 5.50
Well-Root ST 9 14.44" 12.20 6.62 27.08
AH Plus Bioceramic Sealer 9 11.13% 11.33 1.39 15.69

* Different superscript letters indicate statistically significant differences. The significance level is p<0,05.

Table2  Pairwise Comparisons of Groups
Tablica 2. Usporedbe skupina u paru

Std. Error ® Significance ¢
Std. pogreska Razina znadajnosti
AH Plus - AH Plus Bioceramic Sealer 2915 p=0.012*
AH Plus - Well Root ST 3.058 p=0.007*
AH Plus Bioceramic Sealer-Well Root ST 3.058 p=0.777

*The significance level is p<0.05. * *Razina znacajnosti p < 0,05
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There was no difference between the coronal, middle,
and apical thirds of the root in terms of the volume of re-
maining canal filling material in the AH Plus group. Simi-
larly, no significant difference was observed between coronal,
middle, and apical in the AH Plus Bioceramic Sealer group.
(p>0.05) However, the middle and apical thirds showed
higher remaining canal filling volume than the coronal third
in the Well-Root ST group (p<0.05). All mean values are
presented in Table 3. Figures 1 and 2 represent remaining
materials that are visualized with micro-CT.

Discussion

In case of failed root canal treatment, the retreatment
procedure is a conservative way to preserve the affected tooth.
In clinical studies, nonsurgical primary endodontic treat-
ments have resulted in several success rates between 73.5%
and 92.3% (20). Nonsurgical retreatment enables healing of
periapical tissue and long-term survival of the tooth (21). Ini-
tial root canal filling should be removed for the success of the
retreatment procedure (22). The removal of a sealer is an im-
portant factor for endodontic retreatment because the sealer
accounts for the greatest percentage of the remaining filling
material on the canal surfaces after re-instrumentation (23).

Radiopacity, flowability, leak-proofing, setting character-
istics, and time are the chemical and physical properties of
root canal sealers (24). Although there are many studies on
the physicochemical and biocompatibility properties of root
canal sealers in the literature, there are few studies on re-
treatability. Previous studies mostly evaluated the retreatabil-
ity of Endosequence BC Sealer, which is another paste con-
taining calcium silicate (5, 25-27). In the mentioned studies,
a consensus was not reached on the remaining material ra-
tio of AH Plus and Endosequence BC Sealer after retreat-
ment. However, there is no study on Well-Root ST and AH
Plus Bioceramic Sealer. For this reason, this study compared
the removal of AH Plus, Well-Root ST, and AH Plus Bioc-
eramic Sealer.

Micro-CT is commonly used in endodontics research for
many purposes, such as visualizing canal morphology and
analyzing prepared and filled canals (28). In our study, it
was preferred for the detailed examination of the MB ca-
nals of mandibular molars and the assessment of the remain-
ing canal filling volumes. MB canals of mandibular molar
teeth show morphological variations due to their long, nar-
row, or curved anatomy and cause challenges during root ca-
nal treatment (29). For this reason, the first root canal treat-
ment can result in failure, thus requiring a retreatment.

According to our findings, canal filling materials could
not be completely removed from the root canal in any group.
The Well-Root ST and AH Plus Bioceramic Sealer groups
had a higher percentage of total remaining filling material
than the AH Plus group. The penetration of the root canal
sealer into the dentin is related to its retreatability (30). Cal-
cium silicate-based sealers form hydroxyapatite crystals at
the interface between dentin and canal filling, thus provid-
ing a chemical interaction (25, 31). In addition, after mix-
ing, calcium silicate-based sealers continue micro-expansion

Mogucnost retretiranja sredstava za brtvljenje korijenskih kanala

Nije bilo razlike izmedu koronarne, srednje i apikalne
tre¢ine korijena kad je rije¢ o volumenu preostaloga materi-
jala za punjenje kanala u skupini AH Plus. Sli¢no tomu, ni-
je zabiljezena znacajna razlika izmedu koronarne, srednje i
apikalne tre¢ine u skupini AH Plus Bioceramic Sealer (p >
0,05). No srednja i apikalna tre¢ina pokazale su ve¢i preosta-
li volumen materijala za punjenje kanala od koronarne treéi-
ne u skupini Well-Root ST (p < 0,05). Sve srednje vrijednosti
prikazane su u tablici 3. Na slikama 1. i 2. ostatci su materi-
jala za punjenje koji su vizualizirani mikro-CT-om.

Rasprava

U slucaju neuspjesnoga endodontskog lije¢enja, postupak
revizije je konzervativni nadin o¢uvanja zahvaéenog zuba. U
klini¢kim istrazivanjima nekirursko primarno endodontsko
lijecenje rezultiralo je stopama uspjeha izmedu 73,5 % 1 92,3
% (20). Nekirurska revizija omogucuje cijeljenje periapikal-
noga tkiva i dugotrajno prezivljenje zuba (21). Primarno pu-
njenje korijenskog kanala treba ukloniti da bi se osigurao
uspjeh revizije (22). Uklanjanje cementa za brtvljenje vazan
je cimbenik za uspjeh revizije jer taj cement ¢ini vecinu preo-
staloga materijala za punjenje na povrsini stijenki kanala po-
slije reinstrumentacije (23).

Radiokontrastnost, proto¢nost, otpornost na curenje, ka-
rakteristike stvrdnjavanja i vrijeme kemijska su i fizikalna
svojstva sredstava za brtvljenje korijenskih kanala (24). Iako
u literaturi postoje mnoga istrazivanja o fizikalno-kemijskim
svojstvima i biokompatibilnosti sredstava za brtvljenje kori-
jenskih kanala, malo je istraZivanja o mogucnosti reinstru-
mentacije. U dosadasnjim istrazivanjima uglavnom je ocjenji-
vana mogucnost revizije cementa Endosequence BC Sealer,
jos$ jedne paste koja sadrzava kalcijev silikat (5, 25 — 27). U
spomenutim istraZivanjima nije postignut konsenzus o omje-
ru preostaloga cemenata AH Plus i Endosequence BC Sealer
nakon reinstrumentacije. No ne postoji istrazivanje o cemen-
tima Well-Root ST i AH Plus Bioceramic Sealer. Iz tog je ra-
zloga u ovom istrazivanju usporedeno uklanjanje cemenata
AH Plus, Well-Root ST i AH Plus Bioceramic Sealer.

Mikro-CT obi¢no se koristi u endodontskim istrazivanji-
ma u mnoge svrhe, kao $to je vizualizacija morfologije kana-
la i analiza instrumentiranih i ispunjenih kanala (28). U na-
sem istrazivanju odabrano je za detaljni pregled MB kanala
donjih kutnjaka i procjenu preostalog volumena materijala za
punjenje kanala. MB kanali donjih kutnjaka pokazuju mor-
foloske varijacije zbog svoje duge, uske ili zakrivljene anato-
mije i uzrokuju izazove tijekom endodontskog lije¢enja (29).
To je razlog da primarno endodontsko lije¢enje moze rezulti-
rati neuspjehom i zahtijevati reviziju.

Prema na$im nalazima materijali za punjenje kanala nisu
se mogli potpuno ukloniti iz korijenskog kanala ni u jednoj
skupini. Skupine Well-Root ST i AH Plus Bioceramic Sea-
ler imale su veéi postotak ukupnoga preostalog materijala za
punjenje od skupine AH Plus. Prodiranje sredstva za brtvlje-
nje korijenskih kanala u dentin povezano je s moguénoséu
njegova uklanjanja (30). Cementi na bazi kalcijeva silikata
stvaraju kristale hidroksiapatita na granici izmedu dentina i
punila kanala, ¢ime se postize kemijska interakeija (25, 31).




142

Buyuksungur et al.

hardening in the canal due to their hydrophilic feature (32).
The more difficult removal of Well-Root ST and AH Plus
Bioceramic Sealer can be explained by their strong dentinal
adaptation and bond strength (5).

In the single cone technique, a master gutta-percha cone
of suitable size and taper of the final shaper instrument is
placed into the root canal (33). Hydraulic pressure is created
that pushes the sealer into the lateral canals and dentinal tu-
bules by fully fitting the master cone to the canal (34). Previ-
ous studies have shown that there is no significant difference
between the single cone and lateral compaction techniques
in terms of filling quality in the mesial canals of mandibular
molars (35, 36). The sealer placement method is crucial when
filling root canals with the single cone technique. The fact
that these sealers are injectable can have contributed to the
formation of a monoblock structure with the single cone gut-
ta-percha (11, 37). Moreover, previous studies showed that
the removal of calcium silicate sealers requires a longer time
to reach apical patency, hence it was a challenge to re-estab-
lish the working length (15, 38).

Egemen et. al. reported that Well-Root ST adversely af-
fected the retreatment process in the middle and apical re-
gions due to the depth of dentinal penetration (39). In line
with this, our results showed more remaining material in the
middle and apical regions than in coronal regions in the Well
Root ST group. On the other hand, no significant differ-
ence was observed between the coronal, middle, and apical
groups in other groups. This result can be due to the homo-
geneous distribution of AH Plus in the curved root canal
with its low film thickness (40, 41). These results are also in
agreement with the results of Kacunic ez a/. (13). The re-
sults of the study suggested that the exopy resin-based seal-
ers showed more remnants (13). Yang ef al. suggested that the
retreatability of sealers was associated with low film thick-
ness and good flow ability (43). Remarkably, AH Plus Bio-
ceramic Sealer also showed similar retreatability in each ca-
nal section.

Most studies have found that the use of solvent does not
provide benefits for gutta-percha removal regardless of the
solvent composition (43, 44). Based on the available data, it
has been reported that the use of solvents during retreatment
may cause disadvantages in root canal cleaning and the for-
mation of softened gutta-percha films on the root canal sur-
face (43). For this reason, no solvent was applied in the re-
moval of root canal filling in our study.

The limitation of this study is the supplementary tech-
nique in which passive ultrasonic activation after rotary file
instrumentation was not used for the removal of canal fill-
ing. The study was also performed under 77 vitro conditions;
further clinical studies can be conducted on the prognosis of
retreatment.

Conclusion

This study points out to the fact that calcium silicate-
based sealers cause more remaining materials than resin-
based sealers into curved root canals.

Retreatability of Root Canal Sealers .

Osim toga, poslije mijesanja, cementi na bazi kalcijeva silika-
ta nastavljaju stvrdnjavanje mikroekspanzijom u kanalu zbog
svojih hidrofilnih znacajki (32). Teze uklanjanje cemenata
Well-Root ST i AH Plus Bioceramic Sealer moze se objasniti
njihovom snaznom prilagodbom dentinu i snagom veze (5).

U tehnici punjenja jednom gutaperkom u korijenski se
kanal postavlja glavni $tapi¢ gutaperke koni¢nog oblika od-
govarajuce veli¢ine (33). Stvara se hidrauli¢ni tlak koji gu-
ra sredstvo za brtvljenje u lateralne kanale i dentinske tubu-
le do potpunog ispunjavanja kanala $tapi¢em gutaperke (34).
U dosadasnjim istrazivanjima autori su pokazali da ne posto-
ji znacajna razlika izmedu tehnike jedne gutaperke i lateral-
ne kondenzacije kad je rije¢ o kvaliteti punjenja u mezijalnim
kanalima donjih kutnjaka (35, 36). Metoda brtvljenja kljuc-
na je pri punjenju korijenskih kanala tehnikom jednog $tapi-
¢a. Cinjenica da se ti materijali za brevljenje mogu ubrizgati
mogla je pridonijeti stvaranju monoblokne strukture s guta-
perkom (11, 37). Stovise, u dosadasnjim istrazivanjima poka-
zano je da je za uklanjanje kalcij-silikatnih cemenata potreb-
no dulje vrijeme da se postigne apikalna prohodnost, te je bio
izazov ponovno uspostaviti radnu duljinu (15, 38).

Egemen i suradnici izvijestili su da je Well-Root ST ne-
povoljno utjecao na proces reinstrumentacije u srednjoj i api-
kalnoj regiji zbog dubine prodiranja u dentin (39). U skladu
s tim, nasi su rezultati pokazali vise preostaloga materijala u
srednjim i apikalnim regijama nego u koronalnima u skupi-
ni Well Root ST. S druge strane, nije uocena znacajna razli-
ka izmedu koronarnih, srednjih i apikalnih tre¢ina u ostalim
skupinama. Taj rezultat moze biti posljedica homogene dis-
tribucije cementa AH Plus u zakrivljenome korijenskom ka-
nalu s malom debljinom filma (40, 41). Ti rezultati takoder
su u skladu s rezultatima Kaéuniéa i suradnika (13). Rezul-
tati istrazivanja sugeriraju da su cementi za brtvljenje na bazi
epoksidne smole imali vise ostataka (13). Yang i suradnici su-
gerirali su da je mogu¢nost reinstrumentacije kanala poveza-
na s malom debljinom filma i dobrom proto¢nos¢u (43). AH
Plus Bioceramic Sealer takoder je pokazao sli¢cnu moguénost
reinstrumentacije u svakom dijelu kanala.

U ve¢ini istrazivanja otkriveno je da uporaba otapala nije
korisna u uklanjanju gutaperke, bez obzira na sastav otapa-
la (43, 44). Na temelju dostupnih podataka istaknuto je da
uporaba otapala tijekom revizije moze unazaditi ¢iS¢enje ka-
nala stvaranjem omeks$anoga gutaperkina filma na povrsini
stijenke korijenskog kanala (43). Iz tog razloga u nasem istra-
Zivanju nije primijenjeno otapalo za uklanjanje punjenja ko-
rijenskog kanala.

Ogranicenje ovog istrazivanja je dopunska tehnika kod
koje se pasivna ultrazvu¢na aktivacija poslije instrumentaci-
je rotiraju¢om turpijom nije koristila za uklanjanje materijala
za punjenje kanala. Istrazivanje je takoder provedeno u uvje-
tima iz vitro; mogu se provesti daljnja klinicka istrazivanja o
prognozi revizije.

Zakljuc¢ak

Ovo je istrazivanje pokazalo da u zakrivljenim korijen-
skim kanalima cementi na bazi kalcijeva silikata ostavljaju
viSe preostaloga materijala nego oni na bazi smole.
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