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Abstract

AIM. The effect of irrigants on the smear layer on the intracanalicular dentin surface is one of the important is-
sues in endodontics. The objective of this article is to determine the effect of different concentrations of polyhe-
xanide-based solutions and standard irrigants on the smear layer using scanning electron microscopy (SEM).
MATERIALS AND METHODS. The present study was conducted on 42 extracted teeth (third molars, first
and second premolars) with formed apices that had been extracted for orthodontic indications. The teeth
were decoronated and samples were prepared. In order to create a smear layer, the lumen of the canals was
instrumented with H-file #40 throughout. A simulation of root canal irrigation was conducted by immersing the
specimens in a 5-ml container filled with the proper solution for 1 hour: group 1 — no treatment (n = 6); group
2 —saline (n = 6); group 3 — 2% chlorhexidine (n = 6); group 4 — 3% sodium hypochlorite (n = 6); group 5 - 17%
EDTA; group 6 — polyhexanide 0.1% (n = 6); group 7 — polyhexanide 0.2% (n = 6). A ~30 nm thick platinum film
was sputtered onto the surface of each sample using a magnetron deposition technique.

SEM microphotos were acquired on a Vega3 TESCAN scanning electron microscope (SEM) with an SE
secondary electron detector, which enables imaging with high topographic contrast. The initial detector (in-
camera) was employed for image acquisition, with an electron energy of 30 keV. Images were acquired at
magnifications of x20 (overview image), x150, x250, x500, x1000, x2500, x7500 for each sample.

RESULTS. The samples from groups 1 and 5 demonstrated the absence of a smear layer on the dentin surface
and the absence of smear plugs in the dentinal tubules. Groups 2 and 3 are distinguished by the deposition
of a pronounced amorphous smear layer and the obturation of all dentinal tubules. Groups 4, 6, and 7 are
distinguished by the deposition of a smaller volume of smear layer on the dentin surface, as well as the
presence of semi-open or completely open entrances to the dentinal tubules.

CONCLUSION. The data obtained indicates that antiseptic compositions based on polyhexanide in
concentrations of 0.1 and 0.2% do not have a pronounced effect on the smear layer. However, in visual
evaluation of SEM micrographs, their effect is comparable to that of 3% sodium hypochlorite. In instances
where enhanced dissolution of the smear layer and smear plugs from the tubules is necessary to facilitate
decontamination of the wall dentin, the combination of antiseptics with chelate compounds, such as 17%
EDTA, may be employed.
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Pesiome

LIENb. BnnsiHne nppuraHToB Ha CMas3aHHbI CNnoii, 06pasyoLLMncs Ha BHYTPUKaHaIbHOM MOBEPXHOCTU AEH-
TUHA, SBNSIETCH OAHUM U3 BaXHbIX BOMPOCOB B 9HAOAOHTUU. Llenb AaHHOM cTaTbn — ONPeaenmTb BAUsSHUE
PasnnYHbIX KOHLLEHTPaLMN aHTUCENTUYECKUX KOMMO3ULMIA HA OCHOBE NONUrekcaHnaa v CTaHaapTHbLIX Mppu-
raHTOB Ha CMa3aHHbI CI0M C NOMOLLbIO CKaHUPYIOLLLEN 9NEeKTPOHHOM Mukpockonumn (COM).

MATEPUAbI N METO/[bI. 42 yoaneHHbIX N0 OPTOAOHTMYECKMM NoKa3aHuam 3yba (TpeTbm MONsipbl, NepBble
1 BTOPbIE NPEMONSPLI) CO CHOPMUPOBAHHBIMI anekcamm Oblan BKIIOYEHbI B ccnenoBaHue. 3ybbl Obinn ae-
KOPOHOBAaHbI 1 fafnee COOTBETCTBYIOLLMM 06pa3om Obliv NoAroTOBAEHLI 06pa3Lbl KOPHEBLIX KaHaNoB. s
CO3[aHNA CMa3aHHOro C/ios NPOCBET KaHasioB 06pasLoB Obin o6paboTtaH H-dalinom N2 40 Ha Bcem npo-
TSXeHuW. MNpoBoaunacb UMUTaLNSA nppuraunm KOPHEBOrO KaHana NyTeM norpyxeHnsa obpasuos B 5-mus-
JININTPOBBIN KOHTEMHEP, 3aNO0NIHEHHbIA COOTBETCTBYIOLLMM PacTBOPOM Ha 1 yac: rpynna 1 — 6e3 o6paboTkm
(n=6); rpynna 2 — ¢punspacteop (n = 6); rpynna 3 — 2% xnoprekcnamnH (n = 6); rpynna 4 — 3% runoxnoput
HaTpwua (n =6); rpynna 5 — 17% S4TA; rpynna 6 — nonurekcanmpg 0,1% (n = 6); rpynna 7 — nonurekcanupg, 0,2%
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(n =6). Ha noBepxHOCTb Kaxxaoro obpasua MeToaoM MarHETPOHHOMO OcaxaAeHus Oblna HanblieHa NnaTuHo-
Bas nneHka TonwmHomn ~30 HM. MukpodoTorpadum NonyveHsl Ha CKaHUPYIOLLLEM 3/IEKTPOHHOM MUKPOCKone
(COM) Vega3 TESCAN ¢ neTekTopoM BTOPUYHLIX 3N1EKTPOHOB SE, KOTOPLIN NO3BONSET NonyyYaTb n3obpaxe-
HWS1 C BICOKUM TOMorpaduyeckum KOHTpacToM. Ans nonyyeHns n3obpaxeHunii ICNnosb30BasiCs NepPBUYHbINA
[EeTeKkTop (BHYTPMKAMEPHbIN) C aHepruet anekTpoHos 30 kaB. N306paxeHuns Obin NoayyYeHbl Npu yBennye-
HUM x20 (0630pHOE n3obpaxeHune), x150, x250, x500, x1000, x2500, x7500 ana kaxaoro obpasua.
PE3YJIbTATbI. O6pa3subl rpynn 1 v 5 4eMOHCTPMPOBANM OTCYTCTBUE CMa3aHHOIO CJI0S1 HA MOBEPXHOCTU OeH-
TMHA 1 OTCYTCTBME OEHTUMHHbLIX NPOBOK B KaHasbuax. Mpynnbl 2 U 3 oTAMYalnTCs HaIMYMEM BbIPaAXEHHOI0
amMop®dHOro cMa3aHHOro CNos 1 3aKyrnOpMBaHNEM AEHTUHHbIX KaHanbueB. Ansa rpynn 4, 6 n 7 xapakTepHa Bu-
3yanmsauust MeHbLlero o6bemMa cMa3aHHOr 0 C/I0s Ha MOBEPXHOCTU AEHTMHA, a TakXXe Hannyme nonyoTKPbIThIX
WM NONHOCTBIO OTKPbLIThIX BXOA0B B IEHTUHHbBIE KaHabLibl.

SAKJTHOYEHME. Mony4yeHHble faHHble CBUOETENbCTBYIOT O TOM, YTO aHTUCENTUYECKME KOMMNO3MLUMN Ha OC-
HOBe nonurekcaHmaa B koHueHTpaumax 0,1 n 0,2% He 0ka3blBalOT BbIPAXEHHOrO BANSHMUS HA CMa3aHHbIN
cnon. OgHako Npu BU3yanbHOM oueHke MukpodoTorpadumin COM nx gencrteme conoctaBUMO C AENCTBUEM
3% rnnoxnopwuta HaTpus. B cnyyasx, korga ang obneryeHns oeKoHTaMMHaLMM NPUCTEHOYHOIO AEHTUHA He-
06X04MMO BblpaXKeHHOW pacTBOPEHME CMa3aHHOI0 CJ0s U PackpbiTUe KaHasbLEeB, PEKOMEHAYeTCsl UCMOJib-
30BaTb KOMOMHALMIO QaHTUCENTUKOB C XeNTaTHbIMU COEANHEHUAMMW, TakuMu kak 17% SLOTA.

Knwouesble cnoBa: NonMrekCaHua, EHTUH, CMa3aHHbI Con

UHdopmauumna o ctatbe: 05.06.2024; ucnpasneHa — 01.08.2024; npuHsata — 18.08.2024
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INTRODUCTION

In the context of endodontic therapy, the efficientre-
moval of the smear layer is of critical importance for the
successful outcome of root canal treatment. The smear
layer (SL), which is composed of organic and inorganic
debris, forms on the dentin surface during instrumen-
tation and can obstruct the penetration of intracanal
medicaments and sealers into dentinal tubules. Conse-
quently, its elimination is essential to enhance disinfec-
tion and promote a fluid-tight seal within the root canal
system [1-3].

The efficacy of different endodontic irrigants in af-
fecting the smear layer varies considerably. Sodium
hypochlorite (NaOCI), ethylenediaminetetraacetic acid
(EDTA), and chlorhexidine (CHX) are the most com-
monly used endodontic irrigants as part of medicational
therapy. Polyhexanide is also a promising endodontic
irrigant due to its broad-spectrum antibacterial activity
and low cytotoxicity [3-6].

Sodium hypochlorite is a widely used irrigant due to
its potent antimicrobial properties and ability to dissolve
organic tissue. However, its role in smear layer removal
is incomplete because it exhibits proteolytic activity
only against the organic components of the smear layer,
while the inorganic component is not affected [7-9].

EDTA, a chelating agent, is a standard for removing
inorganic components of the smear layer, facilitating
its detachment from the dentin surface. Various stu-
dies have demonstrated its effectiveness in cleaning and
opening dentinal tubules from smear layer. However, for
optimal results, it is recommended to use this irrigant in
conjunction with sodium hypochlorite, which will be able
to dissolve the organic constituents of the SL. Based on
the aforementioned evidence, it can be concluded that
EDTA enhances the penetration of intracanalicular drugs
and sealers into the dentinal tubules [10; 11].

Chlorhexidine, which is known for its broad-spec-
trum antimicrobial activity, unfortunately lacks the abili-
ty to dissolve the smear layer. Chlorhexidine possesses
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the phenomenon of substantivity, and it is often used as
a final irrigant rather than a primary agent, as its pro-
longed release helps to reduce the bacterial load in the
root canal system [12; 13].

Polyhexanide, a polymeric biguanide compound,
may represent a promising alternative to traditional en-
dodontic irrigants. It has been observed to exhibit an-
timicrobial activity against a wide range of microorga-
nisms, including endodontic pathogens [14]. However,
there has been no previous study into the effect of this
agent on the smear layer components.

AIM

The objective of this article is to determine the effect
of different concentrations of polyhexanide-based so-
lutions and standard irrigants on the smear layer using
scanning electron microscopy (SEM).

MATERIALS AND METHODS
1. Sample Preparation

The present study was conducted on 42 extracted
teeth (third molars, first and second premolars) with
formed apices that had been extracted for orthodontic
indications. To ensure the teeth were free from any con-
founding factors, a preliminary screen was conducted
to exclude those with root fractures, carious lesions, or
previously done endodontic treatment. Subsequently,
all teeth were stored in an isotonic solution containing
gentamicin sulfate at a temperature of +4°C prior to
being utilized.

The teeth included in the study were decorona-
ted using a diamond spade-shaped bur (FO-11 I1SO
299/013, Mani, Japan). Subsequently, 1-mm deep
slackening cuts were made in the bi- or trifurcation
zone with a diamond spade-shaped bur. The speci-
mens were then split longitudinally in vestibulo-oral
plane into two halves with a chisel, taking sufficient
care not to damage the dentin. Every fragment was
marked half of the root canal lumen.
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In order to create a smear layer, the lumen of the ca-
nals was instrumented with H-file #40 throughout.

A simulation of root canal irrigation was conducted
by immersing the specimen in a 5-ml container filled
with the proper preparation.

Initial solutions:

1. Sodium chloride (BIEFFE MEDITAL, S.A., Spain).

2. Liquid for antiseptic treatment of root canals of
teeth (chlorhexidine bigluconate — 2% aqueous solu-
tion, Omega-Dent, Russia).

3. Belodez (sodium hypochlorite — 3% solution,
VladMiVa, Russia).

4. MD Cleanser (EDTA - 17%, META, South Korea).

5. Lavasept (polyhexanide hydrochloride - 20%
aqueous solution, B. Braun Melsungen AG, Germany).

A 0.2% polyhexanide solution was prepared by di-
luting the original 20% polyhexanide solution. One mil-
liliter of the polyhexanide 20% solution was placed in
a 100-milliliter measuring flask, and the volume was
brought to the mark with distilled water. A 0.1% pol-
yhexanide solution was prepared by diluting the original
0.2% polyhexanide solution. Twenty-five milliliters of
the 0.2% polyhexanide solution was placed in a 50-mil-
liliter measuring flask, and the volume was brought to
the mark with distilled water.

After exposure of the specimens in the solutions, they
were washed with distilled water to remove the residues
of irrigants and placed in a 5 ml container with physio-
logical solution in order to prevent drying of dentin.

2. Testing groups

The 42 samples were divided into seven groups of
six samples each, according to the treatment done:

—group 1 — specimens without instrumental and
medical treatment (no smear layer);

— group 2 —instrumental treatment to create a smear
layer, exposure in physiological solution for 1 hour;

— group 3 - instrumental treatment to create a smear
layer, exposure in 2% aqueous chlorhexidine solution
for 1 hour;

— group 4 —instrumental treatment to create a smear
layer, exposure in 3% sodium hypochlorite solution for
1 hour;

— group 5 — instrumental treatment to create a smear
layer, exposure in 17% EDTA solution for 1 hour;

— group 6 — instrumental treatment to create a smear
layer, exposure in 0.1% polyhexanide solution 1 hour;

— group 7 —instrumental treatment to create a smear
layer, exposure in 0.2% polyhexanide solution for 1 hour.

3. Preparation of Samples for SEM

A ~30 nm thick platinum film was sputtered onto the
surface of each sample using a magnetron deposition
technique. This method allowed for the avoidance of
the accumulation of electric charge in the near-sur-
face layer of the sample and the associated distortions
of the image.

4. Scanning electron microscopy

Images were acquired on a Vega3 TESCAN scan-
ning electron microscope (SEM) with an SE secondary
electron detector, which enables imaging with high top-
ographic contrast. The initial detector (in-camera) was
employed for image acquisition, with an electron energy
of 30 keV.
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Table 1. Mean scores of smear layer
on microphotographs with x7500 magnification

Ta6nuuya 1. CpegHue oLeHKM cMa3aHHOro Clos
Ha MukpodoTorpadusax c ysenmieHmem x7500
Mean+=SD
1£0
3+0
2.833+0.372
2.5+0.500
1.333+0.471
2.833+0.372
2.667 +0.471

Groups (n =6 each)

Nl WOIN|—=

Images were acquired at magnifications of x20 (over-
view image), x150, x250, x500, x1000, x2500, x7500 for
each sample.

The microphotographs were analyzed by two inde-
pendent investigators in a blinded manner to assess the
effect of the irrigant on the dentin surface. The observa-
tions were recorded in points, according to M. Torabi-
nejad et al. [15], which were given to every image:

— 1 point — no smear layer. No smear layer on the
surface of the root canals and no smear plugs inside
tubules;

— 2 point — moderate smear layer. No smear layer on
the surface of root canal, but tubules contained smear
plugs inside;

— 3 point — heavy smear layer. Smear layer covered
the root canal surface and the tubules.

5. Statistical analysis

The one-way ANOVA test was provided with Stat-
Plus 6 (AnalystSoft, CA, USA) for the average data ob-
tained in each testing group, followed by a post hoc
Tukey’s test. The correlation test was applied to assess
the correlation of smear layer presence. The signifi-
cance level was setat p < 0.05.

RESULTS

By analyzing the SEM micrographs, certain patterns
and characteristics describing the intracanal dentin
surface of each group were obtained. Mean scores of
smear layer on microphotographs are shown in Table 1.

In Group 1, where the specimens were neither medi-
cated nor instrumented, the micrographs at all magni-
fications demonstrated the absence of a smear layer
and open dentinal tubules. The standard histological
picture is depicted in great detail, showing oval-shaped
dentinal tubes surrounded by an array of intertubular
dentin (Fig. 1).

All specimens of the second group exhibited the pre-
sence of a pronounced smear layer on the dentin, as well
as the obturation of dentinal tubules with smear plugs.
In this instance, the smear layer array was not affected,
as the saline solution lacks both organolytic and chelate
properties. Consequently, the SL was not dissolved, re-
sulting in the formation of a single amorphous mass that
covers the surface of intracanal dentin and occludes the
entrance to the majority of dentinal tubules (Fig. 2).

In the third group, the microphotographs revealed
the presence of smear layer formation, with the majority
of dentinal tubes exhibiting plugging. Nevertheless,
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some tubules remain unobstructed. It is evident that
chlorhexidine is unable to affect the organic compo-
nents of the smear layer. With regard to the interaction
of chlorhexidine with inorganic SL part, it should be not-
ed that the antiseptic does not eliminate mineral con-
glomerates; rather, it binds to them in the form of crys-
tals. Consequently, the dentin surface is coated with
a substantial volume of the smear layer. The minimum
number of dentinal tubule entrances was observed in
all specimens, indicating that they are filled with smear
plugs. Mentioned above information precludes the use
of this antiseptic as a standalone agent in the protocol
for medicament treatment of root canals (Fig. 3).

The samples of the fourth group exhibited a smaller
amount of smear layer on the surface of dentine com-
pared to the two previous groups. A greater number of
dentinal tubule openings were observed. It can be pos-
ited that the smaller volume of the smear layer and the
greater number of visible dentinal tubule entrances vis-
ible on the intercanal dentin surface are a consequence
of the dissolution of the organic portion of the SL and
the loss of a small amount of associated mineral parti-
cles (Fig. 4).

In the majority of cases, the absence of a smear
layer and smear plugs in the dentinal tubules was ob-
served on the dentin surface of root canal samples from
group 5. EDTA forms a stable complex with calcium and
exerts a pronounced effect on the inorganic compo-
nents of the smear layer. The elimination of inorganics
by the chelating agent results in the opening of dentinal
tubules from smear plugs, a process that is well docu-
mented in microphotographs (Fig. 5).

The formation of a smear layer and dentin plugs was
also observed in the dentin of samples from groups 6

Performance in nanospace

Fig. 1. Microphotograph of Group 1 — no treatment.
x7500 magnification

Puc. 1. MukpodoTtorpadus rpynnsl 1 — 6e3 06paboTku.
YBenunyenume x7500

DHdodoHmus
T
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and 7. However, in group 7, the smear layer on the sur-
face of intracanal dentin was less pronounced. Never-
theless, no statistically significant differences were ob-
served between the 6™ and 7™ groups. The micropho-
tographs of dentin following exposure to polyhexanide
solutions demonstrate the opening of some dentinal
tubule entrances, with some exhibiting an oval morphol-
ogy, comparable to that observed in the native control
photo (prior to exposure to solutions) (Fig. 6).

DISCUSSION

The data obtained from the results of scanning elec-
tron microscopy permit the conclusion that the efficacy
of medicament treatment of root canals should be veri-
fied and standardized in the form of certain protocols.

The micrographs obtained clearly demonstrate that
the greatest quantitative reduction in the smear layer
from the dentin surface and from the dentin tubules was
achieved through the use of a chelate compound, 17%
EDTA. The mechanism of action is the binding of the in-
organic component of SL. These data are corroborated
by other authors [16-18]. However, it should be noted
that EDTA does not possess pronounced antibacterial
properties. Consequently, it should be used in combi-
nation with antiseptic agents.

Of the antiseptic substances tested, it was observed
that certain effects were produced on the smear layer
when samples were exposed to 3% sodium hypochlo-
rite and polyhexanide solutions. Upon examination of
microphotographs of specimens treated with the afore-
mentioned solutions, the presence of semi-open or
open entrances to dentinal tubules was observed. Fur-
thermore, a greater number of rounded tubules is ob-
served in groups 6 and 7.

View field: 27.7 pm BI: 10.00 5 um
[ SEMHv: 30,0k SEM MAG: 7.5

Performance in nanospace

Fig. 2. Microphotograph of Group 2 — instrumentation +
exposition in saline. x7500 magnification

Puc. 2. MukpodoTorpadus rpynnsl 2 — obpadoTka
VHCTPYMEHTOM + BO3AENCTBUE GU3UNONOrMHECKUM
pacTtBopoM. YBenuyeHue x7500

Tom 22, Ne 3 /2024



WD: 16.38 mm VEGA3 TESCAN|
BI: 10.00

SEM MAG: 7.51 kx
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5 pm

Det: SE
View field: 27.7 pm
SEM HV: 30.0 kV
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WD: 15.39 mm

BI: 10.00
SEM MAG: 250 x

Det: SE
View field: 830 pm
SEM HV: 30.0 kV

200 pm
Performance in nanospace

Fig. 3. Microphotograph of Group 3 — instrumentation + exposition in 2% chlorhexidine. x7500 magnification (A).
Crystals on intracanal dentine surface after exposure with 2% chlorhexidine. x250 magnification (B)

Puc. 3. MukpodoTorpadus rpynnbel 3 — 06paboTka MHCTPYMEHTOM + BO3AeliCcTBME 2% XNI0PrekCUanHOM.
YeenuueHune x7500 (A). Kpnctannbl Ha NOBEPXHOCTM BHYTPMKAHaIbHOro AeHTUHA Nocne BO3aencTeuns 2%

xnoprekcngmHom. YeenudeHume x250 (B)

el ;
. LB e
Det: SE WD: 16.30 mm
View field: 27.7 ym BI: 10.00

SEM HV: 30.0 kV SEM MAG: 7.50 kx

VEGA3 TESCAFE

Performance in nanospace

Fig. 4. Microphotograph of Group 4 -
instrumentation + exposition in 3% sodium
hypochlorite. x7500 magnification

Puc. 4. MunkpodoTorpadus rpynnsl 4 — o6paboTka
MHCTPYMEHTOM + BO3aencTBue 3% rmnoxjaoputom
HaTpus. YBenndeHue x7500
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WD: 15.19 mm VEGA3 TESCAN
BI: 10.00
SEM MAG: 7.50 kx

Det: SE
View field: 27.7 ym

SEM HV: 30.0 kV Performance in nanospace

Fig. 5. Microphotograph of Group 5 -
instrumentation + exposition in 17% EDTA.

x7500 magnification

Puc. 5. MukpodoTtorpadus rpynnsl 5 — obpaboTka
MHCTPYMEHTOM + Bo3aencTteue 17% SATA.
YBenunyeHue x7500
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View field: 27.7 ym
SEM HV: 30.0 kV

WD: 15.21 mm VEGA3 TESCAI
BI: 10.00

SEM MAG: 7.50 kx Performance in nanospace
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b A
Dét: SE
View field: 27.7 ym
SEM HV: 30.0 kV

S L et
WD: 14.74 mm

BI: 10.00

SEM MAG: 7.50 kx Performance in nanospace

Fig. 6. Microphotograph of Group 6 (A), group 7 (B) — instrumentation + exposition in polyhexanide 0.1% and 0.2%.

x7500 magnification

Puc. 6. MukpodoTtorpadus rpynnsl 6 (A) u rpynnel 7 (B) — 06paboTka MHCTPYMEHTOM + BO3AENCTBUE

nonurekcanmaom 0,1% n 0,2%. YeenuuerHue x7500

With regard to sodium hypochlorite, an organo-
lytic effect on organic components of SL was deter-
mined [10; 11; 19]. However, further studies are neces-
sary to ascertain the proteolytic activity of polyhexa-
nide, asitis impossible to obtain exact values according
to SEM data.

A polyhexanide-based antiseptic composition may
be employed as an irrigation solution in a root canal
medication protocol. In the case of pathologies in which
infection of the root canal walls has not occurred, such
as acute focal pulpitis, or in pre-prosthetic endodontic
root canal preparation, the polyhexanide solution can
be used alone, as the presence of a residual smear lay-
er will not adversely affect the prognosis of treatment.
If additional decontamination of the dentin wall is nec-
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