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Abstract

AIM. To evaluate the presence of residual filling material in the root canal walls after retreatment and final
irrigation using scanning electron microscopy (SEM).

MATERIALS AND METHODS. Fifty-two mandibular oval premolars were instrumented with ProTaper Next
X1-X3 and divided into 2 groups: Group BC, filled with Bio-C Sealer and Group AH, filled with AH Plus. The
experimental groups were retreated with a ProTaper Next X4 file and received different irrigation protocols
(n =13): Group BC-PUI: agitation with ultrasound; Group BC-EC: agitation with Easy Clean; Group AH-PUI:
agitation with ultrasound; and Group AH-EC: agitation with Easy Clean. The remaining filling material in the
dentinal tubules was evaluated in scanning electron microscope images by three evaluators who scored the
samples. The Kappa test was performed to check interexaminer agreement. Pearson’s chi-square test with
a significance level < of 5% was performed to compare the groups.

RESULTS. It was found that the BC-EC group showed better results in the apical and middle thirds. In the
coronal third, the BC-PUI group also performed well. AH Plus showed the lower results in all situations.
CONCLUSIONS. In the apical third, the BC-EC group showed better performance, in the middle third, the
AH-PUI group had the worst performance, and in the coronal third, the BC-PUI group stood out in terms of
cleaning. This manuscript provides the importance of thorough cleaning, especially in difficult areas such as
the apical third, is emphasized to improve the overall outcome of treatment.
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Pesiome

LLEJIb. OueHnTb Hann4yne ocTaToYHOro NIOMOMPOBOYHOIO MaTeprana Ha CTeHKax KOPHeBOro kaHana nocne
NOBTOPHOM 06paboTKM N GUHANBHON MPPUTraALUK C NCMOJIb30BAHNEM CKAHUPYIOLLEN 3N1eKTPOHHON MUKPO-
ckonun (COM).

MATEPUAJbI U METObI. NaTtbaecaT ABa 0BafbHbIX HUXHEYENIOCTHLIX NPEMoNsapa 6bIv MHCTPYMEHTUPO-
BaHbl cuctemon ProTaper Next X1-X3 n pasgeneHsl Ha age rpynnol: rpynna BC — 06Typauunsa 6uokepamuye-
ckuM cunepom Bio-C Sealer, rpynna AH — 06Typaumsa AH Plus. SkcnepuMeHTanbHble rpynmnbl NOABEPrainuch
NOBTOPHOI 00paboTke MHCTPpyMeHTOM ProTaper Next X4 n pasnuyHbiM nNpoTokonam uppurauum (n = 13):
BC-PUI — akTnBauma nppurarta ynsrpassykom; BC-EC — aktnsaums ¢c nomoubto Easy Clean; AH-PUI — akTu-
Baums ynerpassykom; AH-EC — akTmBauus ¢ nomowbto Easy Clean.

OcTaTouHbI NIOMOMPOBOYHBI MaTepmnan B AEHTUHHbIX KaHaIbLLAX OLEHMBAJICS B CKAHUPYIOLLLEM 3/1EKTPOH-
HOM MUKPOCKOME TPeMs He3aBUCUMbIMY aKcnepTamu no 6anbHOM cucteme. Ins OueHKM COrnacoBaHHOCTU
Mexay akcnepTamu npumeHancs kKoadduumeHt Kanna. ns cTaTMcTUYECKOro CpaBHEHMS MeXAy rpynnamMmm
1ncnosb3oBanca x2-kputepuii NupcoHa npu yposHe 3HaunmMmocTtn <5%.

PE3VYJIbTATHI. 'pynna BC-EC npoaemoHcTpuposana ny4ywmne pedynstaTbl B annkanbHON U CpeaHen TpeTu.
B KOpOHKOBOI TPETU Hamny4Lwme nokasatenn 6uinm 3adurkcrmposansl B rpynne BC-PUI. Hanxyglive pesynb-
TaTbl BO BCEX 30HaxX nokasana rpynna ¢ cunepom AH Plus.

BbIBOAbl. B anukansHoi Tpetn rpynna BC-EC obecneunna Hannyywylo O4UCTKY, B CPEOHEN TPETU Hau-
xXygluve nokasarenu sadpukcmposaHsbl B rpynne AH-PUI, a B KOPOHKOBOV TPETM NlyyLLYI0 04MCTKY o6ecnednna
rpynna BC-PUI. HacTtosilee nccnenoBaHne nogyepkmBaeT BaXXHOCTb TLWATEIbHOM O4YNCTKM KOPHEBOIO Ka-
Hana, 0CoO6EeHHO B TPYAHOAOCTYMHbLIX 30HAX, TAKUX Kak anvkanbHas TpeTb, A5 NoBbILLeHUS 3PDEKTUBHOCTU
9HAOO0HTUYECKOTO NIeYEeHUS.

KnioueBble cnoBa: NoBTOpHas 06paboTka, ynbTpa3Byk, CKaHMPYIOLAsA 9N1eKTPOHHAsA MUKPOCKONUS
UHdopmauma o ctatbe: noctynuna — 14.05.2025; ncnpasnena — 19.06.2025; npuHara — 15.07.2025
KoHGAUKT nHTepecoB: aBTOPbLlI CO0OLLA0T 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.

BnarogapHocTu: ViccnegoBaHue 6b1s10 nogaepXxaHo rpaHtamm ot doHpa coneicTeBms Hay4YHbIM UCCea0Ba-
Hnam wTtarta Pno-ge-Xanenpo (FAPERJ) n HaunoHanbHOro copeta no-Hay4HOMY M TEXHOSIOMMYECKOMY pas-
BuTuio (CNPQ), rocynapCTBEHHbIX yupexaeHuin bpasunun.

Ana uutnposanusa: Gpeiipe 4.K.A., NenerpuHe P.A., Powa [.[.M., HacumenTy Y.M., lnmoiipy A.I.C., Mapcenu-
aHy 9..B., MuparHaa A.P.J1.C., KoytuHbio T.M.K., MapcennaHy-Ansec M.®.B., ByaHo K.3.C. 9kcnepumeHTanb-
Hoe ex vivo nccnegoBaHne aPEKTUBHOCTU OBYX NPPUTALIMOHHBIX CUCTEM NMPU NOBTOPHOM 06paboTke Kop-
HEBbIX KaHaNoB, 06TYPMPOBAHHLIX B1oKepaMMyeckumMn cunepamn. SHAo40HTUS Today. 2025;23(3):399-407.
https://doi.org/10.36377/ET-0112

INTRODUCTION

The root canal system has ramifications and isth-
mic areas, which makes the disinfection process areal
challenge. The presence of microorganisms in the root
canals is the main cause of failure of endodontic treat-
ment [1].

Conventional retreatment is the first treatment op-
tion in case of endodontic treatment failure. Effective
removal of obturation material is an extremely important
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step to allow better cleaning and disinfection of the root
canal system, so that irrigants and instruments can act
along the entire canal [2].

Irrigation solution activation [3] has been used to
improve the cleaning process and promote smear layer
removal, facilitating root canal system disinfection [4].
The Easy Clean (EC) plastic instrument (Bassi/Easy
Equipamentos Odontolégicos, Belo Horizonte, Brazil)
has the shape of an “airplane wing” and can be used in
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arotary or reciprocal motion to move the irrigation solu-
tion, which promotes a mechanical action, thus impro-
ving the cleaning of the canal walls [5; 6].

The epoxy resin-based sealer AH Plus (Dentsp-
ly /Maillefer, Bailagues, Switzerland) is considered the
gold standard sealer due to its high bond strength to
dentin [7-9]. Bioceramic sealers are increasingly used
in endodontic practice due to their physicochemical
and biological properties [10]. They are biocompatible
materials that are stable and non-toxic in the biological
environment [11].

Several studies have used SEM to verify the amount of
remaining filling material in the dentinal tubules [12-14].
However, few studies have investigated irrigation me-
thods in the removal of bioceramics [3; 15].

The aim of this study was to use SEM to evaluate
the efficacy of retreatment with two different rinsing
systems in teeth previously filled with resin sealer or
bioceramics. The null hypotheses tested were that the
amount of residual filling material after retreatment
would be the same between (i) the two endodontic
sealers and (ii) the irrigation systems.

MATERIALS AND METHODS

The present study was submitted to and approved
by the local research ethics committee under num-
ber 3.090.544. The sample was calculated based on
a previous study [12] using the statistical test ANOVA,
with a minimum difference between treatment means
of 4, a test power of 0.80, and an alpha of 0.05. Fif-
ty-two extracted oval human mandibular premolars
(bucco-lingual diameter twice the mesio-distal dia-
meter along the first two-thirds of the canal) were se-
lected and kept in 0.1% thymol solution until the start
of the study. Teeth with single canal roots, complete
rhizogenesis, and a curvature angle between 0° and
10° according to the method of Schneider [16] were
included in the study.

All roots with an angle of curvature greater than 10°,
with incomplete rhizogenesis, root fractures and/or
perforations, and previously treated canals or whose
patency was not achieved were excluded.

Teeth were standardized to 15 mm by leveling their
occlusal surfaces with a 223 Carboril disk (Dentorium,
New York, USA). The working length (WL) was determined
by inserting a #10 K-file into the canal using a magnifying
glass at 3.5x magnification until its tip appeared at the
apical end of the root, subtracting 1 mm.

Preparation of the specimen

The canals were instrumented with ProTaper Next
X1-X3 rotary files (Dentsply Sirona, Charlotte, USA)
driven by an X Smart Plus motor (Dentsply/Maillefer)
in a rotary motion with a torque of 2.0 Ncm and a speed
of 300 rpm, with in and out movements and brushing of
the canal walls.

The irrigant used was 2.5% sodium hypochlorite
(NaOCl) in a 5 mL luer syringe (Descarpack, Sdo Paulo,
Brazil) and a 27G Endo-Eze needle (Ultradent, Indaiatu-
ba, Brazil) 3 mm from the apex. Irrigation was performed
with 5 mL of solution for each file removal, for a total of
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15 mL of irrigation fluid. The final irrigation protocol was
performed with 3 cycles of 20 seconds of 17% EDTA and
3 cycles of 20 seconds of NaOCI [4], irrigated with EC
and finally rinsed with saline. The canal was dried with
ProTaper Nxt X3 absorbent paper tips (Dentsply Sirona,
Ballaigues, Switzerland).

Teeth were randomly divided into 2 groups (n = 26):
Group AH, filled with AH Plus (Dentsply Sirona, Char-
lotte, USA) and Group BC, filled with Bio-C Sealer Bi-
oceramic (Angelus, Londrina, Brazil). Both sealers were
manipulated according to the manufacturers’ recom-
mendations and placed in the canal through a prese-
lected gutta-percha cone (ProTaper Next X3 (Dentsply
Sirona, Charlotte, USA). The single cone technique was
used to perform the root canal filling.

The roots were radiographed in the buccal-lingual
and mesio-distal directions to assess the quality of the
filling. The access cavities were filled with Cavit tempo-
rary filling material (3M ESPE, Saint Paul, USA). All roots
were stored in an oven at 37°C and 100% humidity for
2 weeks to allow the sealers to cure.

For canal initial retreatment Gates-Glidden (Dentsply
Sirona, Ballaigues, Switzerland) drills Nos. 2 and 3 were
used in the cervical third and ProTaper Next X4 (40.06)
rotating files coupled to an X Smart Plus motor and ro-
tating at a speed of 300 rpm and a torque of 2.0 Ncm
were used in the middle and apical thirds. Each instru-
ment was used on three teeth and discarded. Rinsing
was performed with 15 mL of NaOCI. As a criterion for
assessing clearance, the canal walls should be smooth,
and the instrument used should not contain any visible
obturation material under a magnifying glass with 3.5x
magnification.

According to the clearance procedures, the speci-
mens were divided into 4 subgroups (n = 13) according
to the irrigation system used:

— AH + PUI: Teeth were filled with AH Plus and ul-
trasonic activation was performed with an Irrisonic tip
(Helse, Santa Rosa do Viterbo, Sao Paulo) in a Gnatus
ultrasonic device with 10% power 1 mm below the WL;

— AH + EC: Teeth were filled with AH Plus, and irriga-
tion fluid was moved 1 mm below the WL in a reciprocal
motion in WaveOne all mode using EC in an X Smart Plus
motor;

— BC + PUI: Teeth filled with Bio-C Sealer + agitation
of the irrigant with PUI. The procedures were the same
as for AH + PUI,

— BC + EC: Teeth filled with Bio-C Sealer + agitation
of irrigation solution with EC. The procedures were the
same as for AH + EC.

The rinsing protocol for all groups was the same as
for endodontic treatment. After the final irrigation, the
specimens were dried with paper points and a gutta-
percha cone was inserted to WL. Using the 1190 FF drill
(KG Sorensen, Cotia, Barsil), two grooves were made to
near the root canal on the buccal and lingual walls along
the entire length of the root longitudinally without con-
nection to the main canal. The specimens were washed
under running water to remove debris. A No. 24 spatula
was used to apply a vertical force that caused the sepa-
ration of the root halves [17].
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The most intact half of each root was selected. Hori-
zontal slits were drilled with a drill 1190 FF (KG Soresen,
Serra, Brazil) at 3, 6 and 9 mm from the anatomical apex
to determine the thirds examined: apical, middle, and
coronal.

After drying, specimens were mounted on stubs with
double-sided tape, coated with gold in the metallizer
(Denton Vacuum, Moorestown, USA), andassessed by
SEM (JSM-6390LV, JEOL, Tokyo, Japan) for the root ca-
nal walls evaluation. Stepwise magnifications of 10, 100,
and up to 2000x were performed until the delineated
areas (3, 6, and 9 mm from the apex) were visible, and
three photographs were taken at each mark.

Statistical analysis

The images were sentin slide format in the Microsoft
Office PowerPoint program to three calibrated exami-
ners for evaluation. A score (Fig. 1) was assigned for
each image based on the study by Pirani et al. [18].

For inter-rater analysis, the Kappa test was per-
formed. After applying the Kolmorogov-Smirnov test,
association analysis was performed using Pearson’s chi-
square test and Student’s t test, both with a significance
level of 5%. The Minitab version 17 program was used.

RESULTS

A total of 156 images were obtained and evaluated
by 3 calibrated examiners. Interexaminer agreement was
calculated for each of the thirds. Then, 4 experimental
groups were compared in each third. In the apical third,
the BC+EC group showed better results (Table 1).

In the middle third, there was similar behavior be-
tween the AH+EC / BC+PUI and BC+EC groups com-
pared with the AH+PUI group (Table 2). The AH+PUI
group showed the worst results, with a statistical dif-
ference compared with AH+EC (p = 0.01). There was
also a statistical difference between the BC+PUI and
BC+EC groups (p < 0.00) (Table 2).

Inthe coronal third, the BC +PUI group had the best per-
formance compared with all others, followed by AH+PUI
and AH+EC, with no statistical difference between them,
followed by the control group and BC+EC (Table 3).

When comparing the individual groups, a statisti-
cal difference was found between the groups AH+PUI
(p=0.01); AH+EC (p<0.00) and BC+PUI (p < 0.00).
Performance was similar for the other groups (Table 4).

In summary, in the apical and middle mm third, the
BC+EC group performed better overall, and in the co-
ronal third, the BC+PUI group performed better.

Fig. 1. SEM imagens of the evaluated areas: A — Score 1: smear layer/debris not present, more than 75%
of tubules open; B — Score 2: less than 75% of tubules open; C — Score 3: tubules visible in limited areas,
less than 50% of tubules visible; D — Score 4: homogeneous smear layer/debris, tubules not visible

Puc. 1. COM-n3obpaxeHunsa OUeHEHHbIX y4acTKOB: A — 6ann 1: cMa3aHHbI cnoi/nedpuc oTCyTCTBYET,
6onee 75% AEHTUHHbIX KaHasbLEB OTKPbIThI; B — 62111 2: OTKPbITO MeHee 75% KaHanbLEeB;

C - 6ann 3: kaHanbLbl BUAHbLI INLIb HA OTAENbHbIX y4acTKaxX, OTKPbITO MeHee 50% KaHanbLEeB;

D — 6ann 4: ogHOPOOHbLIM CMa3aHHbIN Cron / ebpuc, KaHasnblbl HE BU3yann3npyloTcs

Table 1. Percentage of the score by groups in the apical third
Ta6nuua 1. MNMpoueHTHOe pacnpeaeneHme 6anioB Nno rpynnam B anvkasibHoOn TpeTn

Group/escore Controle AH+PUI AH+EC BC+PUI BC+EC* p-value*
1 5.13 - - - 20.51 -
2 20.51 23.08 2.56 - 23.08 <0.01
3 20.51 23.08 35.90 30.77 33.33 -
4 53.85 53.84 61.54 69.23 23.08 -

Note: * Difference between the BC+EC group compared to all other groups

lMpumeyvanuns: * Pasnnana mexay rpynnon BC +EC n Bcemun apyrumm rpynnamm

dHdodoHmus
T
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Table 2. Percentage of the score by groups in the middle third
Tabnuua 2. NpoueHTHOEe pacnpeneneHne 6anoB No rpynnam B CPeaHen TPETH
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Group/escore Controle?® AH+PUI° AH+EC?" BC+IUP>® BC+EC*P
1 7.69 - 7.69 20.51 2.56
2 35.90 30.77 48.72 28.21 43.59
3 25.64 64.10 20.51 43.59 46.15
4 30.77 513 23.08 7.69 7.69

Note: a — control XBC+PUI / BC+EC - p < 0.00; b — AH+PUI X AH+EC / BC+EC /BC+PUl - p = 0.037
lMpumevanys: a — koHTponb X BC+PUI /BC+EC - p < 0.00; b - AH+PUIXAH+EC /BC+EC /BC+PUI - p=0.037

Table 3. Percentage of a score by groups in the coronal third
Tabnunua 3. NpoueHTHOe pacnpeaeneHue 6annoB No rpynnam B KOPOHKOBO TPETU

Group / escore Controle® AH +PUI° AH+EC"® BC+PUI° BC+EC? p-value*
1 23.08 17.95 28.21 53.85 20.51
2 17.95 43.59 53.85 35.90 10.26 <0.00
3 35.90 30.77 10.26 10.26 53.85 -
4 23.08 7.69 7.69 - 15.38 -

Note: * Difference between the BC+PUI group and all others; a - AH+PUI / AH+EC x control - p = 0,023
lMpumevanys: * Pasnununa mexay rpynnoii BC+PUI n Bcemn octanbHbiMu rpynnamu; a — AH+PUI / AH+EC no cpaBHeHUIo
c koHTponem: p = 0,023

Table 4. p-value of the difference in proportion
between the experimental groups in each third*
Tabnuua 4. p-3HavyeHns pasnmynii B npornopLmsix
MeXAy 9KCMepUMeEHTaIbHbIMU rpynnamMm

B KaXXa0n Tpetn*

Note: * Chi-square test with a significance level of 95%
lMpumeyvaruns: * Kputepwnin X2 npyn ypoBHe 3Ha4MMocTn 95%

DISCUSSION

This study investigated the presence of residual fil-
ling material in the root canal wall after retreatment and
final irrigation using SEM. The null hypotheses tested
were rejected because there were differences in both the
sealers and the irrigant agitation methods employed.

The removal of filling material is a challenge dur-
ing the endodontic treatment. To address this, several
methods were investigated, including manual, rotary,
and reciprocating instrumentation, as well as additional
irrigant agitation methods. However, none of the me-
thods has been shown to completely remove the filling
material on the dentinal tubules [2; 5; 19].

Mandibular premolars present challenges for both
treatment [20] and retreatment [21] due to their oval ana-
tomy, which can potentially lead to a large percentage of
unprepared root canal walls. In this study, the ProTaper

Next system was used for instrumentation and retreat-
ment [19], with a larger instrument tip for retreatment
compared to treatment [22].

The manufacturer of Irrisonic recommends using
using 2 mm short of the WL, while EC can be used at the

: : WL, but the two instruments used to agitate the solu-

ST Pl AJGEIE | S tions were used 1 mm below the WL as a way of stand-
AH+PUIxAH+EC 0.59 0.01 0.87 ardization for this study.

AH+PUIx BC+PUI 0.27 0.35 0.14 The evaluation of the samples was conducted us-

AH+PUIXBC+EC 001 0.20 0.01 ing SEM, a standard technique for observing smear

' : : layer morphology, the presence of debris within the

AH+ECxBC+PUI 0.35 0.02 0.23 dentinal tubules, and intratubular dentin morpholo-

AH+EC xBC+EC <0.00 0.25 0.02 gy [13; 14; 18; 23; 24]. A disadvantage of using SEM is

BC+PUIXBCEC <0.00 0.03 <0.00 the lack of standardization of the site to be evaluated.

: i i In this study, this factor was circumvented by previously

delineating the areas to be studied.

In the present study, the quality of cleaning of the
dentinaltubules ofthe coronal, middle, and apical thirds
was evaluated, and it was found that there were sig-
nificant differences between the methods of agitation
of the irrigants with respect to these regions. EC was
more effective in the apical and middle thirds, while in
the coronal third PUI showed better results, which cor-
responds with a previous study [17] that showed that
EC was more effective than PUl in removing the smear
layer in the apical third of the canals. However, other
studies [5; 25; 26] found no significant differences in
cleaning the root canal thirds after endodontic retreat-
ment. PUI performed well in retreatment of maxillary
premolars filled with Bio-C Sealer [27]. A possible ex-
planation for the better performance of EC in the api-
cal third is its design: it lacks a cutting blade, is made
of plastic, and therefore does not damage the canal
walls, whereas ultrasound requires a larger space to
achieve better results, which is not the case in the api-
cal third.
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Our results corroborate the assertion that sealers
penetration depth is directly related to the diameter
of tubules, which are more numerous and large in the
middle and cervical thirds [28]. Both AH Plus sealer
and bioceramics have sufficient fluidity to penetrate
the dentin recesses and tubules of the canal, making
complete removal of these materials virtually impos-
sible [12]. The bioceramic sealer tested was easier to
remove, leaving the tubules freer of debris and con-
sequently contributing to a higher rate of treatment
success, possibly related to the solubility of this ce-
ment [29].

This study had some limitations, including the ab-
sence of information regarding the age and sex of the
tooth donors, which could affect the interpretation of
the results. In addition, the presence of tubular sclero-
sis poses a challenge to the standardization of the sam-
ples used in this study because they were sourced from
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BKJA ABTOPOB
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coaepXaHus; peueH3npoBaHue PyKonucu.

A.PJ1.C. MnpaHga — noarotoska pykonmcu; peLeH3npoBaHne pykonmcu.
T.M.K. KoyTuHbIO — cOOp 1 aHanM3 gaHHbIX; peLeH3npoBaHmMe PyKONmCH.
M.®.B. MapcennaHy-Ansec — c60p 1 aHaNnM3 OaHHbIX; PELEH3UPOBaHNE PYKOMUCH.

K.9.C. ByaHO — aHan13 faHHbIX; N0AroTOBKA PYKONUCK; AM3aiH NCCNeA0BaHWS; ONpeaeneHne NHTENNEeKTYanbHOro coaep-
XaHus; peueH3npoBaHme PyKonucu.
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