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Abstract

INTRODUCTION. Tooth decay and its complications are prevalent dental issues among adults. Endodontic
treatment is the standard of care for complicated caries, specifically pulpitis and periodontitis. Endodontic
irrigants, which are placed in the root canal lumen for a specific duration, can affect the intracanal dentin
structure (organic and inorganic substances) in various ways. The use of polyhexanide-based antiseptic
products in endodontics is a promising idea to overcome microbial resistance and minimize microbial-related
endodontic treatment failures.

AIM. The aim of this study is to investigate the qualitative impact of standard irrigation solutions and
a polyhexanide-based composition on the collagen matrix of dentin.

MATERIALS AND METHODS. The study investigated the effect of nine solutions on the dentin of the tooth
root. Twelve intact maxillary third molars extracted for orthodontic reasons were taken for the study. The teeth
were fixed in a 10% neutral formalin solution for at least one day and were decalcinated. 5-10 um thick sample
sections were made and stained with picrosirius (Picrosirius Red, Biovitrum, Russia) before being examined
under polarized light. The histological slice was analyzed using a Carl Zeiss (Germany) software and hardware
complex based on ZEN v3.0 and light microscope Axioimager M.1. All microphotos were loaded into the Fiji
distribution program of ImagedJ for microscopy pixel classification.

RESULTS. Upon analysis of the diagrams, it appears that there is a lower amount and density of stained dentin
collagen array after exposure to sodium hypochlorite solutions of 3% and 1.5%, as well as polyhexanide.
CONCLUSIONS. The data obtained from the histogram analyzer of samples stained with picrosirius suggests
that polyhexanide may have a qualitative effect on the organic structure of hard tissues, particularly collagen.
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Pesiome

BBELEHME. Kapuec n ero ocnoxHeHus SBAs0TCS pacnpoCcTpaHeHHbIMU CToOMaTosiormyecknumm npobnema-
MW cpeaun B3POCIbIX. IHAOAOHTUYECKOE NIeHeHne BNSETCS CTaHAaPTOM MeAULMHCKOM NOMOLLM Npu oc-
JNIOXXHEHHOM Kapuece, B 4YaCTHOCTV NP NYAbANTE N NEPUOLOHTUTE. DHOO0A0HTUYECKME NPPUraHTbI, KOTOPbIE
noMeLLalTCs B NPOCBET KOPHEBOI0 KaHaJsa Ha ornpenesieHHoe BpeMs, MOTyT N0-pa3HOMY BIIUATL HA BHYTPU-
KaHanbHYIO CTPYKTYPY LEHTMHA (OpraHnyeckmne n HeopraHmyeckue BellecTsa). Vicnonb3oBaHue aHTUCenTu-
YeCKUX CPeACTB Ha OCHOBe NofnrekcaHnaa B 3HOOA0HTUM ABNSETCH NepCcrnekTMBHON naeen ana npeogo-
JNIeHNs YCTOMYNBOCTU MUKPOOPraHM3MOB U MUHUMN3AUMN Heyaad 3HOOOOHTMYECKOrO JIeHEHUS, CBA3AHHbIX
C MUKPOOPraHn3Mamu.

LLEJIb. 3y4nTb Ka4eCTBEHHOE BAUSIHUE CTaHAAPTHBIX MPPUrauMOHHBLIX PACTBOPOB Y KOMMNO3ULMK HA OCHOBE
nonvrekcaHnaa Ha KonnareHoBbIN MaTPUKC AEHTUHA.

MATEPUANbI U METObI. B nccnenoBaHum nayyanoch BMsHUE OEBATU PaCTBOPOB Ha AEHTUH KOpHA 3yba.
Ons nccnenoBaHus 6bim B3Tbl 12 MHTAKTHBIX BEPXHEYEMIOCTHBIX TPETbUX MONSIPOB, YAOANEHHbIX N0 OPTO-
OOHTUYEeCKUM nokadaHuam. 3yobl pukcuposanu B 10 %-HoM pacTBope HENTPasibHOro popmManmHa He MeHee
4yeM Ha CyTKM 1 nogsepranu agekanbunHaumm. O6pasupsl ToNWwmMHom 5-10 MkM okpalunmBanm NMKPOCUPUYCOM
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(Picrosirius Red, Biovitrum, Poccusda) n npocmaTtpmsanun nog, nonspmn3oBaHHbIM CBETOM. AHaIN3 rmcTonorm-
YeCKMX Cpe30B NPOBOAMAN C MOMOLLBIO NPOrpaMMHo-annapaTHoro komnnekca Carl Zeiss (lfepmaHus) Ha
6a3e ZEN v3.0 n ceetoBoro mukpockona Axioimager M.1. Bce mnkpodoTtorpadum 3arpyxanmcb B ANCTPU-
6yTuB Fiji nporpammbl Imaged gnsi knaccudunkaumm nukcenen MMKPOCKOMmN.

PE3VYJIbTATbI. Mpwn aHann3e auarpaMm BUAHO, 4TO NOC/E BO3AENCTBUSA PACTBOPOB rmnoxjopurta Hatpusa 3 %
n 1,5%, a Takxxe nonvrekcaHnga HabnopaeTcs MeHbLLEee KOANYECTBO M MJIOTHOCTb OKPALLEHHOro KoJsiiare-
HOBOro Maccmea OeHTUHa.

BbIBOAbI. laHHble, NONy4YEHHbIE C MOMOLLbIO aHann3aTopa rmctorpaMmm o6pasLoB, OKpPaLLlEeHHbIX MUKPOCK-
pUyCcOoM, NO3BOASIOT NPEANONOXMNTb, HTO NOIFEKCaHN, MOXET OKa3dblBaTb KAYECTBEHHOE BAUSHME Ha opra-
HUYECKYIO CTPYKTYPY TBEPAbIX TKAHEN, B HACTHOCTM HA KOJI1areH.

KnioueBblie cnoBa: NONUreKkcaHua, AEHTUH, KONareHoBbIe BOJIOKHA, NMMKPO3NPUYC

UHdopmMauua o ctaTbe: noctynuna — 06.01.2024, ncnpasnerHa — 01.03.2024, npuHaTta — 06.03.2024
KoH®AUKT nHtepecos: ABTOPbI CO0OLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.

BnarogapHocTu: GrHaHCMPOBaHWE N MHAMBUAYaNbHbIE 61aroAapHOCTU ANS AeKNapMpPOBaHNs OTCYTCTBYIOT

Ana umtupoBaHua: Xabanse 3.C., lfeHepanosa 0.A., TanTyH l0.A., KoxesHukoBa J1.A., NTagxnes d.4., Jaw-
Tnea M.IO. BavsiHue vppuraumMoHHbIX PacCTBOPOB Ha OPraHNYyeckre KOMMOHEHThI OEHTMHA: SKCMepUMeH-

TanbHOE nccnepoBaHne. IHgoa0HTUsS Today. 2024;22(1):19-24. https://doi.org/10.36377/ET-0011

INTRODUCTION

Tooth decay and its complications are prevalent
dental issues among adults. Endodontic treatment is
the standard of care for complicated caries, specifi-
cally pulpitis and periodontitis [1-3]. The interaction
of mechanical root canal treatment, evacuation of ne-
crotized pulp particles and infected dentin filings with
various instruments, and antiseptic therapy with irriga-
tion solutions impacts the microbial factor and inflam-
mation [4; 5]. All of the above measures can affect intra-
canal dentin. Dentin is a complex, avascular structure
composed of organic matter, mainly represented by
a collagen fiber network, a mineral phase, and a small
amount of water [6; 7].

The organic matrix of dentin consists primarily of
type 1 collagen and proteoglycans. Its main function is
to create an oriented fibrillar matrix for the deposition of
hydroxyapatite and other inorganic components. Gly-
cosaminoglycans regulate the permeability and water
content of dentin. Collagen fibers in the dentin thick-
ness are encapsulated by hydroxyapatite [8-10].

Endodontic irrigants can influence the organic
and/or mineral phase of dentin to varying degrees.
The treatment of inflammatory pathologies commonly
involves the use of endodontic irrigants such as sodi-
um hypochlorite in concentrations ranging from 1% to
5.25%, which has proteolytic and antimicrobial proper-
ties, chlorhexidine, which also possesses antimicrobial
properties and the phenomenon of substantivity, and
EDTA, which affects the smear layer [11-13].

Studies have shown changes in the chemical and
structural composition of dentin when exposed to dif-
ferent regimens of NaOCI irrigation during root canal
system therapy [14; 15]. Sodium hypochlorite, in any
concentration, has a proteolytic effect on the organic
matrix of dentin. This effect can lead to a decrease in
the mechanical characteristics of dental tissues, such
as elasticity and strength, which can result in excessive
fragility of dentin and its fractures [15; 16]. Numerous
research studies have determined the deleterious ef-
fect of different concentrations of NaOCI on collagen
and other organic molecules in dentin. Factors such as
reaction time, temperature, and NaOCI concentration
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can alter the proteolytic and dissolving power of this
compound [17]. However, EDTA and chlorhexidine do
not have pronounced proteolytic properties.

The use of polyhexanide-based antiseptic products
in endodontics is a promising idea to overcome micro-
bial resistance and minimize microbial-related endo-
dontic treatment failures. According to authors [18],
polyhexanide promotes wound healing significantly
more than Ringer’s solution and octenidine in combina-
tion with phenoxyethanol. However, its earlier effects on
dentin collagen require further investigation.

AIM

The aim of this study is to investigate the qualita-
tive impact of standard irrigation solutions and a po-
lyhexanide-based composition on the collagen matrix
of dentin.

MATERIALS AND METHODS

The study investigated the effect of nine solutions on
the dentin of the tooth root. The study was conducted
using a blind method, with each solution assigned a se-
rial number in advance. Experimental work was con-
ducted at the Department of Scientific and Laboratory
Research of the Federal State Budgetary Institution
“Central Research Institute of Dental and Maxillofacial
Surgery” of the Russian Federation Healthcare Ministry.

1. Investigated antiseptics

The following antiseptic preparations used and in-
tended to be used in the endodontic protocol for the
treatment of inflammatory pulp and periodontal diseas-
es were included in the present study:

1. Chlorhexidine bigluconate (2% aqueous solu-
tion — “Liquid for antiseptic treatment of tooth root ca-
nals”, Omega-dent, Russia).

2. Chlorhexidine bigluconate (0.05% aqueous solu-
tion, Flora of Caucasus, Russia).

3. Sodium hypochlorite (3% solution —
VladMiVa, Russia).

4. Sodium hypochlorite (1.5% solution — “Belodez”,
VladMiVa, Russia).

5. Octenidine dihydrochlorite (0.1%
“Octenisept”, Schulke & Mayr, Germany).

“Belodez”,

solution -
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6. Polyhexanide (0.1% solution
B. Braun Melsungen AG, Switzerland).

Il. Experimental groups

Experimental and control groups were formed ac-
cordingly.

K - Control group, physiologic solution (PanEco,
Russia)

1 — Chlorhexidine 2%

2 — Chlorhexidine 0,05%

3 — Sodium hypochlorite 3%

4 — Sodium hypochlorite 1.5%

5 - Octenisept

6 — Octenisept

7 — Prontosan

8 — Prontosan

9 — Sodium hypochlorite 3%, heated to 55C.

Group 6 is identical to group 5 and group 8 is identi-
cal to group 7 in all respects except for the operator
responsible for performing the experiment and the
day of the experiment. This approach provides in-
sight into the technical variability of the experimental
results.

lll. Histologic examination of dental hard tissues

Twelve intact maxillary third molars extracted for or-
thodontic reasons were taken for the study. The teeth
were fixed in a 10% neutral formalin solution for at least
one day. Then, decalcification was performed using
a 4% solution of 1:1 hydrochloric and acetic acids, fol-
lowing the generally accepted method. After dehydra-
tion in a gradient of alcohols and xylene, the samples
were encapsulated in paraffin. Finally, 5-10 um thick
sections were made and stained with picrosirius (Pic-
rosirius Red, Biovitrum, Russia) before being examined
under polarized light. Type | collagen and other tissues
were labeled in red, while type Ill collagen or type | col-
lagen with altered structure and packing were labeled in
green. The histological slice was analyzed using a Carl
Zeiss (Germany) software and hardware complex based
on ZEN v3.0 and light microscope Axioimager M.1. The
resulting panoramas provide a comprehensive view of
the entire slice.

IV. Analysis

In order to determine the intensity of collagen stain-
ing zones by pricrosirius, all microphotos were loaded
into the Fiji distribution program of Imaged for micros-
copy pixel classification. 3D Surface Plot Diagrams of
color distribution were constructed for each sample us-
ing the above software.

“Prontosan”,

RESULTS

Upon microscopic examination in polarized light of
the sections stained with picrosirius, it was observed
that the dentin collagen did not undergo severe signifi-
cant structural changes after treatment with the investi-
gated substances (Fig. 1). Therefore, all dentin collagen
appeared red in color. Green areas were only observed
in the pulp and some areas of cementum. The lack of
change in the permeability and bonding of type | colla-
gen molecules with picrosirius can be attributed to the
action of the investigated substances.

Solutions 3, 4, and 9 are expected to reduce colla-
gen fiber network due to the organolytic (proteolytic)
activity of sodium hypochlorite and its toxic effect, with
heated solution having a greater effect. The following
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solutions were used in the experiment: This is illustrated
in the graph for sample group No. 2, 3.

Figure 2 shows 3D surface plot diagrams of colla-
gen staining color distribution. Upon analysis of the dia-
grams, it appears that there is a lower amount and den-
sity of stained dentin collagen array after exposure to
sodium hypochlorite solutions of 3% and 1.5%, as well
as polyhexanide.

DISCUSSION

Irrigation is a crucial aspect of endodontic treat-
ment. Solutions present in the root canal lumen can
affect not only the intended targets, such as microor-
ganisms and components of the smear layer, but also
the components of the dentin wall. Aggressive impact
on dentin can compromise its physical and mechanical
properties, leading to undesirable consequences such
as root fracture [19-21]. Incorrect and excessive instru-
mentation of the root canal can increase the likelihood
of this complication [22].

In endodontics, a combination of sodium hypochlo-
rite and EDTA solutions is considered the standard for
irrigation. However, high concentrations of NaOCI and
long exposure time can negatively affect the collagen
matrix of dentin, as noted by many authors [15-17; 23].
There are also data on the formation of dentin erosion
in different irrigation protocols with EDTA, especially
NaOCI-EDTA-NaOCI [24-26].

Fig.1. Enhanced collagen birefringence assessed by
Picrosirius Red staining under polarized light shows
dentin sections after treatment in tested solutions —
K-Saline solution, Chlorhexidine 2% (1), Chlorhexidine
0.05% (2), Sodium hypochlorite 3% (3), Sodium
hypochlorite 1.5% (4), Octenisept (5), Octenisept

(6), Prontosan (7), Prontosan (8), and heated sodium
hypochlorite 3% (9)

Puc. 1. YcuneHHoe aBynydenpenomieHue
KofnareHa, oLueHeHHoe No okpawmvsaHuio Picrosirius
Red B nonapn3oBaHHOM CBETE, HA cpe3ax AeHTuHa
nocne o6paboTkm pacteopamu — K-CanuH,
XnoprekcnanH 2% (1), Xnoprekcmnand 0,05% (2),
MMnoxnoput HaTpua 3% (3), flmnoxnoput HaTpus
1,5% (4), OkteHucent (5), OkTeHucenT (6),
MpoHTOCaH (7), MpoHTOoCaH (8) u HarpeThIi
MMnoxnoput HaTpusa 3% (9)

K
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Fig. 2. 3D surface plot diagrams of collagen staining
color distribution. Red zones - stained collagen | type,
black zones — absence of collagen fibers. K-Saline
solution, Chlorhexidine 2% (1), Chlorhexidine 0.05% (2),
Sodium hypochlorite 3% (3), Sodium hypochlorite
1.5% (4), Octenisept (5), Octenisept (6), Prontosan (7),
Prontosan (8), and heated sodium hypochlorite 3% (9)

Puc. 2. NoBepxHOCTHbIe 3D gnarpamMmmbl
pacnpeneneHus LBeTa okpallnBaHus KonareHa.
KpacHble 30HbI — OKpaLUeHHbIn konnareH | Tuna,
YepHble 30Hbl — OTCYTCTBME KO1areHOBbIX
BONIOKOH. PactBop K-Saline, XnoprekcuguH 2% (1),
Xnoprekcungnu 0,05 % (2), lmnoxnoput HaTpua 3 %
(83), Tunoxnopwut Hatpusa 1,5% (4), OkteHncenT (5),
OkTeHucenT (6), MpoHTocaH (7), NMpoHTocaH (8),
noporpeToii lMnoxnoput HaTpusa 3 % (9)
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