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Prevention of the development of pulp pathology in teeth
with endo-periodontal lesions: an in vitro study
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Abstract

AIM. To increase the effectiveness of prevention of development of pulp pathology in endo-periodontal lesions
in patients with chronic periodontitis.

MATERIAL AND METHODS. In the course of the study, instrumental treatment of the outer surface of the
extruded teeth was performed, which were divided into 3 groups: group 1 — ultrasonic skeleton “DTE D72”
(n=28); group 2 — Gracey curettes (n=8); group 3 (control) — no treatment of the root surface (n = 8). Histological
analysis of the extradited teeth, scanning electron microscopy of the teeth root surfaces treated, as well as
energy dispersion X-ray spectroscopy of the examined nano-preparations were conducted.

RESULTS. In the coronal pulp, in 80% of cases, the presence of intrapulmonary calcificates was found, mainly
in areas where cement integrity was impaired. Fractures and defects of the tooth root cement are 3 times
more common in group 1 of the study than in groups 2 and 3, which correlates with the data of pigment
penetration depth in the areas of cement destruction. The most effective obturation of the root outer surface
was found in the first study group and amounted to 85%, which is 2 and 4 times more than the indicators of
groups 2 and 3, respectively.

CONCLUSION. It has been shown that the best method of prevention of pulp pathology at endo-periodontal
lesions is the use of Gracie curettes for carrying out hand scaling with subsequent impregnation of the treated
tooth root surface with a “Dentin-sealing liquid”.
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Pe3iome

LLEJIb. MoBbICUTb 3P EKTUBHOCTL NPOMUNIAKTUKM PA3BUTUS NATONOM MU NYNbIbl MPU 9HA0-NAapPOA0OHTaNIbHbIX
NOPaXeHNAX y NauMEHTOB C XPOHNYECKNUM NapOaOHTUTOM.

MATEPUAJIbI U METObI. B xone nccnenoBaHus 6bi1a BbINOHEHA MHCTPYMEHTaslbHast 06paboTka HapyX-
HOW NOBEPXHOCTU KOPHE 9KCTPaanpoBaHHbIX 3y60B, KOTOpbIe Oblv pasdaeneHsl Ha 3 rpynnbi: rpynna 1 — ynb-
Tpa3BykoBoW ckennep «DTE D72» (n = 8); rpynna 2 — 3oHocneundunyeckne Kiopetol Mpercn (n = 8); rpynna 3
(KOHTPONb) — OTCYTCTBME 06PaABOTKM NOBEPXHOCTM KOPHSA (N = 8). bbln NpOBeAEH MMCTONOrMYECKNA aHaNM3
9KCTPaaVpOoBaHHbIX 3y60B, CKaHUPYIOLL,as 3/1eKTPOHHAs MUKPOCKONMsS 06paboTaHHbIX MOBEPXHOCTEN KOPHE
3y60B, a TakXe 3HepProAnCcnepCcrMoHHas PEHTrEHOBCKAas CNEKTPOCKONUS UCCNeAyeMbIX HAHOMPEeNapaToB.
PE3YJIbTATBI. B kopoHkoBow nysbre B 80 % cryyaeB 6b1S10 BbIIBIEHO HaNN4YMe BHYTPUMNYJIbNAPHbIX KaibLin-
durKaToB, NPENMYLLLECTBEHHO B 061aCTaX, roe LeIoCTHOCTb LeMeHTa Obina HapylweHa. B rpynne 1 uccne-
noBaHus B 3 pasa valle Habno[anoch NoBpexaeHne Hapy>XXHOM NOBEPXHOCTU KOPHS B CPaBHEHMU C MOKa-
3arensimu rpynn 2 n 3, 4To KOppennpyeT C AaHHbIMU rMyOUHbI NTEHETPALLUN MUTMEHTA B Y4aCTKM AECTPYKLUN
uemeHTa. Hannyywas acdpdekTMBHOCTb 06TypaLmMmn HapyXXHOM NOBEPXHOCTU KOPHS Oblfia BbisiBJieHa B rpymn-
ne 1 nccnepoBaHus u coctasuna 85 %, 4to B 2 n 4 pasa 60nbLue nokasarenel rpynn 2 n 3, COOTBETCTBEHHO.
BbIBObl. BbiSBNEHO, 4TO HAUAYYLLMM METOLOM NPOPUAAKTMKN Pas3BUTUA NnaTonorum nynensl npu MMM a8-
NFeTca NpMMeHeHne 3oHocneundundeckux Kiopet MNpencn ong NnpoBefeHns pPy4YHOro CKennHra ¢ nocneny-
loLen umnperHaumneii o6paboTaHHON NOBEPXHOCTU KOPHS 3yba HaHoNpenapaTom «JeHTUH-repMeTU3npylto-
LLMA NUKBUL>.

KnioueBble cfaoBa: 5HAOAOHTO-MAPOAOHTaSNIbHLIE NOPaXeHUs, Nysbna, NapPOAOHT, LLIEMEHT, AeHTUHHbIE Ka-
HaubLbl, CKEMJIMHT, HAHOMNPenaparhbl
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INTRODUCTION

Despite recent advances in dentistry, the prevalence
of inflammatory diseases of the pulp and periodontal
tissues remains high [1]. This is due to the common em-
bryonic, functional, and anatomical development of the
periodont-endodont complex. Inflammation in the pulp
tissues can contribute to the spread of infection both
orthogradely from the tooth cavity in the direction of the
apical periodontium and marginal periodontium, and
in the opposite direction [2; 3]. The pathways of infec-
tion spread are usually divided into anatomical (apical
foramen, lateral, accessory, lateral canals, which con-
stitute the vascular pathway and the tubular pathway
represented by dentinal tubules) and non-physiologic
pathways associated with iatrogenic causes [4]. Ac-
cording to the studies conducted, endo-periodontal le-
sions (EPL) most often begin to develop with a primary
periodontal lesion and subsequent, secondary lesions
of the dental pulp [5].

The tooth root cementum is a barrier structure at the
tooth-parodontium interface. The integrity of the cemen-
tum, on which the formation and maturation of the sub-
gingival bacterial biofilm takes place, plays an important
role in protecting the underlying dentin from bacterial
contamination of the anatomical communication path-
ways of the endo-parodontal continuum [6; 7]. Exces-
sive treatment of the root surface during professional
hygiene, particularly scaling, can lead to cementum
destruction and the formation of cracks and surface de-
fects, thereby facilitating the penetration of pathogenic
microfiora through the numerous dentinal tubules to the
dental pulp [8]. Based on the above, the urgent task is to
increase the effectiveness of pulp disease prevention in
EPL by obturation of dentinal tubules and surface defects
of the root cement with nanopreparations.

AIM

Aim is improving the effectiveness of prevention of
pulp pathology development in endo-parodontal le-
sions in patients with chronic periodontitis.

MATERIALS AND METHODS

In accordance with the objectives, a set of laboratory
and experimental studies was carried out to evaluate
the state of the pulpo-parodontal complex. The study
included 30 patients with chronic periodontitis aged
45 to 59 years (according to WHO age group 2), whose
teeth were extracted for medical reasons due to endo-
parodontal lesions. The criteria for inclusion of patients
in the study were: presence of supra- and sub-gingival
dental deposits, presence of periodontal pockets up to
5 mm, bone resorption of ¥2 or more of the root length,
presence of pathological mobility of 1-2 degree, ab-
sence of early endodontic treatment of the teeth under
study and clinically expressed carious cavities.
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Histologic study

Extracted teeth were fixed in 10% buffered formalin
for 48 hours at room temperature. Then, the extracted
teeth were washed under running water and placed in
“Electrolyte decalcifying solution” (Biovitrum, Rus-
sia) for 2 weeks. Then the samples were subjected to
standard histologic wiring: they were cast into paraffin
blocks using the casting station “ESD-2800" (MedTekh-
nikaPoint, Russia) and histologic slices with a thickness
of 4 um, running along the axis of the tooth roots, were
made using a semi-automatic rotary microtome “HM
340 E” (Thermo FS, UK). The obtained sagittal slices
were stained with hematoxylin and eosin for further his-
tologic analysis.

The study of the obtained histologic sections was
performed using a microscope “Axio Scope. A1” (Zeiss,
Germany) at low (x50) and high magnification (x100).
Microphotographs were taken using a digital camera
“Axiocam 105 color” (Zeiss, Germany), and computer
analysis of the obtained images was performed in the
“ZEN 3.0” software.

Methodology of instrumental treatment
of tooth root surfaces

In the course of the study, we performed instrumen-
tal treatment of 24 roots of extracted teeth, which were
divided into 3 groups according to the used instruments
for performing scaling:

Group 1 — ultrasonic scaler “DTE D72” (Woodpecker,
China), n=8§;

Group 2 - hand instruments — zone-specific Gracie
curettes (Ekradent, Russia), n = 8;

Group 3 (control) — no root surface treatment, n = 8.

Scanning Electron Microscopy

To evaluate morphostructural changes in the exter-
nal surface of the root after scaling, scanning electron
microscopy (SEM) was performed using a Mira 3 FEF
SEM microscope (Tescan, Czech Republic) at different
magnifications: x435, x260, xX1.26. The obtained scan-
ning electrographs were subjected to computerized as-
sessment of the area of surface defects and cracks of
the root cement using the software “ADID”.

Study of the depth of penetration of cracks
and surface defects of root cementum

For experimental estimation of the depth of dye pen-
etration into the formed cracks and surface defects of
the root cement as a result of the instrumental treat-
ment, an aqueous solution of methylene blue 1% was
applied to the outer surface of the tooth root, then the
samples were placed in an Eppendorf tube with physio-
logical solution for 24 hours. Then, longitudinal sec-
tions of the stained teeth were made and analyzed using
a Levenhuk digital microscope (DTX, USA).
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Investigation of the effectiveness
of methods for the prevention of surface defects
of root cementum

To study the effectiveness of obturation of the
formed cracks and surface defects of the root cemen-
tum the following preparations were used: “Dentin-
sealing liquid” (HCH GmbH, Germany), suspension “De-
sensetin” (TechnoDent, Russia), preparation “Sensitab”
(Omegadent, Russia). The preparations were applied to
the treated tooth surface after application of ultrasonic
scaler “DTE D72” (Woodpecker, China) according to the
manufacturer’s instructions.

The microstructure of the tooth root surface after
application of preparations was studied using scan-
ning electron microscopy (SEM), and energy dispersive
X-ray spectroscopy (EDS) along the entire surface of
the tested samples was performed to qualitatively and
quantitatively determine the elemental composition of
the studied preparations.

Statistical analysis

For each experimental group, the percentage of
damaged area was calculated depending on the sca-
ling tool used. In order to statistically evaluate the
differences within each group, x? Pearson’s criterion
(chi-square test) was used. The result was considered
reliable at p < 0.05.
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RESULTS

According to the results of the histologic study, 80%
of cases showed the presence of free and attached in-
trapulpal calcifications in the crown pulp, mainly in the
areas where the cement integrity was lost; there was
also marked injection and full blood vessel hemorrhage
(Fig. 1 A, B). Diffuse lymphoplasmacytic infiltration
with abundance of segmented leukocytes and multiple
acantholytic strands of multilayered squamous epithe-
lium were detected in the periapical tissues (Fig. 1 C).
Based on the above, pulp viability depends on the in-
tegrity of the cementum, which in turn is able to protect
the underlying dentin from bacterial invasion of the ana-
tomical communication pathways between the pulp and
periodontium.

On computerized evaluation of the scan-electro-
grams, cracking and superficial defects of the root ce-
mentum were observed in 75% of the treated root sur-
face in group 1 (Fig. 2 A). In group 2 of the study, the
indices amounted to 25% (Fig. 2 B). The obtained re-
sults of root surface microstructure evaluation directly
correlate with the data of pigment penetration depth
into the formed areas of tooth root cement destruction,
so in the 1st group of the study the pigment penetration
depth was 3 and 1.5 times higher in comparison with
the control and 2™ experimental group, respectively
(Fig. 3). Thus, as a result of mechanical damage to the

Puc. 1. [ucTtonornyeckoe nccnenoBaHme akCTpaamMpoBaHHOro 3yba BCneacTeme aHa0-napogoHTaIbHOro
nopaxeHus. Okpacka reMmaToKCUIMHOM 1 303MHOM (X10; X50): A — MHOXECTBEHHbIE KanbLUNpUKaTthbl

B KOPOHKOBOW Mynbre; B — BbipaXeHHas MHbeKLUMS 1 MOJIHOKPOBUE KPOBEHOCHbLIX COCYA0B NyJbbl 3y6a;
C - BblpaxeHHas anddysHasa numdonnaszmoumTapHas MHQUILTPaLNS B NepuanmkanbHbIX TKAHSAX

Fig. 1. Histological examination of an extracted tooth is the cause of endo-periodontal damage. Hematoxylin
and eosin staining (X10; x50): A — multiple calcifications in the coronal pulp; B — pronounced injection
and congestion of blood vessels; C — pronounced diffuse lymphoplasmacytic infiltration in the periapical tissues
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SEM HV: 1.0 kV Det: SE SEM HV: 1.0 kV Det: SE MIRA3 TESCAN
View field: 500 pm WD: 9.32 mm 100 pm View field: 1.45 mm WD: 9.43 mm 200 pm
SEM MAG: 1.26 kx SEM MAG: 435 x

Puc. 2. CkaHupytoLLasa anekTpoHHAs MUKPOCKOMNNS HApPYXXHOM NOBEPXHOCTM KOpPHS 3yba nocne
MHCTPYMeHTanbHo 06paboTku (X1.26; X435): A — ynbTpa3BykoBoii ckeliniep «DTE D72» (Woodpecker, Kutai);
B — py4yHble MHCTPYMEHTbI — 30HOCNeundunyeckmne Kiopetbl Mpencun (OkpaneHT, Poccus)

Fig. 2. Scanning electron microscopy of the external surface of tooth root cementum (x1.26; x435):
A — ultrasonic scaler «DTE D72» (Woodpecker, China); B — manual Gracey curettes (Ecradent, Russia)

C

Puc. 3. Liudposas MMKpoCKonus NpoaonabHOro pacnuna 3yba nocsie NpPoHMKHOBEHMWS MUrMeHTa

B 0O0pa3oBaBLUMECS TPELLMNHbI U y4aCcTKM AECTPYKLWM LLEeMeHTa BCIeACTBME MexaHU4Yeckoii o6paboTku
KopHs (X10): A — yneTpassykoBol ckennep «DTE D72» (Woodpecker, Kutai); B — py4Hble MHCTPYMEHTbI —
3o0Hocneumduryeckme KopeTol Mpencn (AkpaneHT, Poccus); C — oTcyTCcTBME 06paboTKN MOBEPXHOCTH

Fig. 3. Digital microscopy of longitudinal tooth cutting after pigment penetration into formed cracks and cement
destruction due to root machining (x10): A — ultrasonic scaler “DTE D72” (Woodpecker, China); B — manual Gracey
curettes (Ecradent, Russia); C — no surface treatment

Volume 22, no. 2 /2024 | Endodontics



126 ‘ Wccneposanus / Scientific researches

X 8F :OVIN W3S
ww 99°8 :pI3l MSIA
M 0'S :AH W3S

X00s ‘OVIN W3S
wuw 207 P10y Mo
A0S ‘AH N3S

3sd ‘38 12a
wuw 98} :am

S
2
S
&
Ll
o
5

3s8 ‘38 390
wuw 98’} :am

HWIHVLD ALIN

NVOS3L €VO3A

X 008 OV W3S
wrl 628 :plol MaIA

389 ‘3S 320

HWIHVLD ALIN

Puc. 4. CkaHupyloLuas anekTpoHHas MMkpockonmsa o6paboTaHHOM NOBEPXHOCTU KOPHS 3yba nocfie HaHeceHns
HaHonpenapaToB (X48; X500): A-B — «[JeHTuH-repmeTusmnpytowmin nukeng» (HCH GmbH, lrepmanus);

C-D - npenapart «CeHcutab» (Omegadent, Poccus); E-F — cycneHaus «[JeceHceTuH» (TechnoDent, Poccus)
Fig. 4. Scanning electron microscopy of the processed tooth root surface after application of nanoprocessing
(x48; x500): A-B - “Dentin-sealing liqueur” (HCH GmbH, Germany); C-D - “Sensitab” (Omegadent,Russia);
E-F - suspension “Desensitine” (TechnoDent, Russia)
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cement during professional oral hygiene in patients with
chronic periodontitis, cracks and areas of destruction
of the cement of the roots of the teeth were revealed,
which are possible pathways of penetration of patho-
genic microbiota from the periodontal pocket into the
dentinal tubules, which significantly increases the risk
of pulp pathology development in EPL.

To prevent the development of pulp pathology in
EPL, it is necessary to reduce the permeability of den-
tin not only from the inside, but also from the outside;
for this purpose, it is necessary to use preparations
whose particles are able to penetrate into the lumen of
dentinal tubules (diameter 50-1000 nm) and tightly ob-
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turate the surface defects of the root cement [9]. The
SEM results demonstrated that the highest efficien-
cy of obturation of the root surface was found when
using the nanopreparation “Dentin-sealing liquid” and
amounted to 85% of the entire root surface, which is
35% more in comparison with the use of the prepara-
tion “Sensitab”. The sealing of the treated root surface
with “Desensetin” suspension amounted to no more
than 20% (Fig. 4).

Evaluation of the results of energy dispersive analy-
sis revealed a similar distribution of elements for all ma-
terials with major peaks of calcium, phosphorus, oxy-
gen, carbon, silicon, magnesium and sodium (Fig. 5).

Puc. 5. SHeprogmcnepcrMoHHas peHTreHOBCKast CNeKTPOCKOMNMS NCCNedyeMbIX HAHOMPENapaToB.:
A — «[leHTuH-repmeTusnpyowmin nukeng» (HCH GmbH, lrepmanus);
B - npenapart «CeHcuTtab» (Omegadent, Poccus); C — cycneHaus «[leceHceTuH» (TechnoDent, Poccus)

Fig. 5. Energy-dispersive X-ray spectroscopy of tested nano-preparations: A — “Dentin-sealing liqueur” (HCH
GmbH, Germany); B — “Sensitab” (Omegadent, Russia); C — suspension “Desensitine” (TechnoDent, Russia)

Volume 22, no. 2/ 2024
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However, the presence of the element copper was
detected only in the composition of the preparation
“Dentin Sealing Liquid”, which, according to the manu-
facturer, enhances its bactericidal effect. In the com-
position of the preparation “Sensitab” were detected
peaks of the element fluorine, which tightly seals den-
tinal tubules with a mineral layer. In turn, the drug “De-
sensetin” has in its composition arginine, which only
has a symptomatic effect, but does not solve the prob-
lem etiologically.

DISCUSSION

The provided study revealed that the treatment of
the external root surface with ultrasonic scaler 3 times
more often leads to the appearance of superficial de-
fects and cracks of the tooth root cement, which is con-
firmed by the data of greater depth of pigment penetra-
tion into the formed cement defects during ultrasonic
treatment of the tooth root. It was determined that in
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the pulp of the tooth in endo-parodontal lesions in 80%
of cases there is diffuse lymphoplasmacytic infiltration
and multiple calcifications in areas with exposed root
cementum.

CONCLUSIONS

According to the data of laboratory and experimen-
tal study it was established that maintaining the integ-
rity of the tooth root cement is necessary to preserve
pulp viability in patients with EPL. It has been revealed
that the best complex of measures aimed at preventing
the development of pulp pathology in EPL is: 1 — pro-
fessional oral hygiene in patients with CGP using hand
instruments — Gracie’s curettes, due to their less me-
chanical impact on the cement surface and 2 - man-
datory subsequent impregnation of the treated tooth
root surface with the nanopreparation “Dentin-sealing
liquid” for obturation of the cracks and surface defects
of the tooth root cement.
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