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Abstract. Comparative analysis of the effect of tricalcium silicate cement and mineral trioxide aggregate on the
cellular composition of the pulp after the vital amputation in experimental animals. Khotimska Yu., Kovach 1.,
Buniatian Kh., Kravchenko L., Varzhapetian S. The purpose of the study was to determine the effect of tricalcium
silicate cement on the protective process of pulp in the treatment of reversible pulpitis. There was carried out an
experiment on 3-month-old male rabbits to study morphofunctional changes in the pulp tissue with modeling of
reversible pulpitis followed by vital amputation with coating of the pulp with tricalcium silicate (8 animals, study
group) and mineral trioxide aggregate (MTA) (8 animals, comparison group). In 2 and 6 weeks dental tissues were
fixed by 10% formalin solution and after decalcification and done routine procedures, histological sections were made,
stained with hematoxylin and eosin. After the application of tricalcium silicate cement in 2 weeks, the odontoblast
density changed to 3.92+1.03x10°/mm’ from 8.3+1.02x10°/mm’ of cell density in the intact group. The number of
neutrophils also plays a big role in the regeneration of inflamed pulp. Thus, in 2 weeks the number of neutrophils made
up 6.39+2.61x10° per 1 mm’, which is 3 times less than after mineral trioxide aggregate usage — 19.49+2.85x10° per
1 mm’. It was established that the processes of rheological disorders with impaired lymph circulation are replaced by
the restoration of the cellular component. In such a way the proposed vital amputation was examined for reversible
pulpitis and it revealed similar clinical and pathological effectiveness with a positive regenerative process with
formation of a sufficient number of odontoblasts (7.98+1.51 x10°/mm’) for the subsequent formation of a hard tissue
bridge, which consists of collagen fibers in the form of a frame. The main goal of vital amputation procedure is
regeneration (proliferation) of the pulp with a short-term signs of alteration and exudation, which is provided by the
choice of material for the pulp covering. Thus, after the vital amputation of the pulp, followed by the use of tricalcium
silicate cement 6 weeks after, the number of neutrophils was 1.39+0.72x1 0’ per 1 mm?®, which is 5 times less than after
using mineral trioxide aggregate.

Pegepar. IopiBHsAbHMIT aHaATI3 Ail TPpUKANBUiA CHIIIKATHOTO IeMEHTY Ta MiHepaJ TPHOKCHI arperaty Ha
KJIITHHHUIA CcKJad NyJdbNH HicJsi NpPOBeJeHHs BiTalbHOI NYyJBNOTOMii B eKCIIEPHMEHTAJIbHHX TBAapHH.
Xortimcska 0., KoBau 1., Bynsitan X., KpaBuenko JI., Bapxanersn C. Memoio docriodcennss Oyno eusnayumu
6NIUE MPUKATbYIL CUTIKAMHO20 YeMeHMy HAa 3aXUCHUU npoyec nyibhu npu JNIKY6aHHI 360pomHb020 nynvnimy. bys
npoeeoeHUll eKCHepUMEHM HA 3-MICAYHUX KPOAUKAX-CAMYAX 0N BUGHEHMS MOPQOQYHKYIOHANHUX 3MIH MKAHUHU
nYA6RU 3 MOOENIOBANHAM 360POMHBO20 NYIbNINY MA NOOAILULOIO BIMAILHOIO AMIYMAYIEIO 1 NOKPUMMAM MPUKATLYIIO
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cunikamom (8 meaput, 00CrioHCy8ana epyna) ma MiHepair mpuoKkcuo azpecamom (8 meapuH, epyna nopieHanus). Yepes
2 ma 6 musxcnie mxanunu 3y6a gixcysanu 10% gopmaninom, nicia dexanbyunayii ma pymuHHUX npoyeoyp npogoousu
eicmonoeiuni 3pisu, aKi papoysanuce cemamorcuninom ma eo3urom. Ilicaia 3acmocy8anns mpukanbyiceo2o cunikam-
HO20 yemenmy uepes 2 mudichi winbnicme 0donmobnacmie sminunacs 0o 3,92+1,03x10°/mn’ 3 8,3+1,02%x10°/mn’
wineHocmi kuimun y yiniu epyni. Kinoxicmoe ueimpoinie maxooc eidiepac senuxy polb y peeeHepayii 3ananieHol
nynonu. Kinekicme neiimpoghinie uepes 2 muscni cmanosuna 6,39+2,61x10° na 1 ma’, wo 6 3 pasu menwe, nixe nicis
guKopucmanna minepan mpuokcud azpezamy — 19,49+2,85x10° na 1 mm’. Bemanosneno, wo npoyecu peonoziunux
nopyuieHb 3 NOPYWEHHAM YUPKYAAYIT TiMdu 3amin0iomucs GiOHOBIEHHAM KIMUHHO20 KOMNOHenma. Takum yunom,
3anponoOHOBAHA BIMANLHA amMnymayis 6yia obcmedceHa Ha HAAGHICMb 360POMHbLO2O NYIbNIMY MA GUABUNA CXONCY
KAIHIYHY ma namonociyHy e@QeKmueHicms i3 NO3UMUBHUM Pe2eHepAmUBHUM NPOYecoM i3 YMEOPeHHAM O00CMAmHbOIL
Kinvkocmi odonmoGracmie (7,98+1,51x10°/mum’) Onst nodanvuiozo ymeopenns meepoo2o MKAHUHHOZO MOCHLY, KUl
CKAA0AEMbCS 3 KONA2EHOBUX BONOKOH y 6u2isidi Kapkaca. OCHOBHOIWO Memorw MemoOouxku 6imanvHoi amnymayii €
pecenepayia (nponigepayis) nyavnu, 3 KOPOMKOUACHUMU O3HAKAMU dlbmepayii U excyoayii, wo, 36U4alHO i,
3a6e3neuyemoves 8UOOPOM mamepiany Oa noKpumms nyavhu. Takum yuHom, nicis eimanvHOi amnymayii nyaonu 3
NOOANLUUM 3ACTNOCYBAHHAM MPUKATLYIL CUTIKAMHO20 YeMeHmy yepe3 6 mudicHi@ KilbKicmb Heumpoghinie cmanosuia

V) 2 . . . .
1,39+0,72x10° na 1 mm”, wo 6 5 pasie menuie, Hidic NICAs BUKOPUCAHHS MIHEPATl MPUOKCUO acpe2amy.

Mature pulp as connective tissue formations is a
component of the whole organism. Any change in
exogenous and endogenous factors directly affects its
histological structure. To date, the most common drug
for its treatment is calcium-containing compounds.

However, long-term observations after treatment
with calcium hydroxide-based drugs have shown
that its effectiveness decreases with the increase of
the observation period. All this has become a
prerequisite for replacing calcium hydroxide with
more modern materials, which are based on mineral
trioxide aggregate. It is a biocompatible material that
provides high impermeability and regeneration of
the soft dental tissue on contact with the cells and
periapical tissues [4, 6]. The drug stimulates the
formation of dentinal bridges, protecting the exposed
pulp much more efficiently than calcium hydroxide.
Despite a rather positive effect, it has a number of
features that render dentist’s work difficult, limiting
it to a two-stage treatment modality. To date, of
particular interest is the material represented by the
compound of tricalcium silicate (TCS), which
demonstrates physical and chemical properties simi-
lar to the characteristics of some derivatives of Port-
land cement [8]. From a biological point of view it
has excellent compatibility [10] and is capable of
causing reactive dentin deposits by stimulating the
activity of odontoblasts [9, 11, 12], as well as repa-
rative dentin - due to cell differentiation [3, 5]. The
described property may be useful for various treat-
ment options for the vital pulp [7].

The aim of this study was to determine the
effects of tricalcium silicate and mineral trioxide
aggregate on the course of reversible pulpitis by
detection of morpho-functional peculiarities of chan-
ges in the pulp tissue.

MATERIALS AND METHODS OF RESEARCH

An experimental investigation on 3-month-old
male rabbits in order to study the morphofunctional
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changes of the pulp tissue with modeling of
reversible pulpitis was performed.

After a general anesthesia (0.4ml of 5%
ketamine per 1 kg of body weight intramuscularly)
we performed preparation of hard dental tissues with
a micromotor tip with opening of the pulp horn. Half
of the pulp was amputated with the following
capping with tricalcium silicate (8 animals, study
group) and mineral trioxide aggregate (8 animals,
comparison group), tooth filling was performed with
glass ionomer cement.

After withdrawal of animals from the experiment
in 2 and 6 weeks, dental tissues were fixed in 10%
formalin, after decalcification in acetic acid and
routine proceeding, histological sections were
stained with hematoxylin and eosin (H&E), accor-
ding to van Gieson, Mallory; PAS-reaction was per-
formed. The sections were studied under the
microscope “Olympus BX-41” and following
interpretation by “Olympus DP — soft version
3.2”, which was used for morphometric study.
Number of vessel cross-sections per 1 mm’
odontoblasts, x10° per 1 mm?, neutrophils, x10?
per 1 mm®, was detected. All values are expressed
as means and standard error of the mean for
statistical analysis. Statistical comparison was
performed using Mann-Whitney test for statistical
analysis. The accepted level of significance was
p<0.05.

The procedure was done strictly in compliance
with the Helsinki Declaration, European Con-
vention for the protection of vertebrate animals
(18.03.1986), European Economic Society
Council Directive on the Protection of Vertebrate

Animals (24.11.1986) after approval of the
Regional FEthical Review Board at State
Establishment “Dnipropetrovsk Medical Aca-

demy” protocol N 2 (01.04.2016).
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RESULTS AND DISCUSSION

Clinical trials have shown that MTA and TCS
reduce the frequency and severity of serious
complications [1]. However, despite a significant
amount of research performed by domestic and
foreign scientists, the mechanism and degree of
action on stimulating activity of odontoblasts after
the application of MTA and TCS cement on the
tooth pulp after its amputation remains understudied.
The search for new methods and materials is
extremely important for the treatment of dental
pathology [3, 12], especially with an understanding
of the pathogenetic background [1, 10].

Thus, calcium silicate material was widely used,
and one of the proposed methods for pulp ampu-
tation began to be discussed in restorative dentistry.
However, the methodology is especially useful and
preferable when the tissue of the coronal pulp is
inflamed, and the direct coating of the pulp is not
suitable in accordance with some works.

Thus, it was found that pulp tissue has high
reactive abilities, and direct pulp coating is insuf-
ficient to stimulate active regeneration processes
with the active formation of a capillary network and
new connective tissue elements [8]. Thus, after
amputation of a vital pulp, protective mechanisms in
the form of an inflammatory process with its
resorption, encapsulation of dentin fragments and
foci of necrosis against the background of intensive
angiogenesis appear two weeks after.

In histological examination of the pulp of the
comparison group two weeks after there was
revealed reversible pulpitis. Vascular disorders,
inflammatory infiltration, changes in the cellular
reaction were manifested by infiltration of the
affected zone by inflammatory cells with neutrophils
x10% per 1 mm® 19.49+2.85 (fig. 1). Morphometric
data are presented in table for this and other groups.

2 weeks

OlIntact group

OMTA

aTcs

Fig. 1. Neutrophils, x10* per 1 mm®

Layers of epithelial cells are intact, in cells of the
basal layer moderately expressed signs of proli-
feration are found. The radial structure of the
dentinal tubules is preserved on the peripheral part
of the crown. Small areas with large interglobular
spaces and the process of ectasia of the dentinal
tubules are noted (fig. 2).

In the central part, in the place of direct contact
with the defect, homogenization and mosaicism of
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the intertubular dentin and disappearance of the
dentinal tubules in it are noted. In rare places,
residues of the tubules with the formation of zones
of transparent dentin are defined (fig. 3).

In the area of penetration of the defect into the
pulp cavity, the area of necrosis with cellular det-
ritus, as well as the foci of neutrophilic infiltrations
is determined (fig. 4).
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Fig. 2. Small areas with large interglobular spaces and the process of ectasia
of the dentinal tubules are noted. Staining by Mallory x200

Fig. 3. Residues of the tubules.
Electron-diffraction photograph, magnification x3510
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Fig. 4. Foci of neutrophilic infiltrations.
Homogenized vascular walls. Staining with hematoxylin and eosin x200

Odontoblasts of 2.58+1.11 x103 per 1 mm’* are
also determined (fig. 5). The processes of odonto-
blasts are swollen, of various thicknesses with signs
of vacuolar hydropic dystrophy. In the area of the
neck and root, reactive changes of the pulp pre-
dominate, and are characterized by blood- and

x103 per 1 mm2
9,

lymph flow disorders, including vascular hyperemia
before the sludge-phenomenon of red blood cells. In
the microvascular bed, erythrocyte aggregation and
stasis are observed. Single pre-dentin sites with
diapedetic hemorrhages of erythrocytes in the layer
of odontoblasts are visualized.

Onorm

2 weeks

EMTA

6 weeks

GTCS

Fig. 5. Number of odontoblasts after odontotropic materials usage, x10° per 1 mm’

Histological examination of the obtained micro-

tricalcium silicate preparation shows the other

objects after pulp amputation with the following picture of pulp tissue condition 2 weeks after.

19/ Tom XXIV/ 4
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In general, signs of proliferation are identified. the dentinal tubules around the area of drug
The edges of the traumatic defect are even, linear application is saved. Small zones with large inter-
without dentin protrusions. The radial structure of globular spaces are noted (fig. 6).

%, 4

. "

Fig. 6. Small zones with large interglobular spaces. Staining by Van Gieson %200

The enamel-dentin junction is represented by a the form of small tape-like formations are
linear formation, the enamel has the appearance of a  visualized. In the area of the dentin-enamel junction,
granular mass. In the zone of the enamel-dentin a slight loosening of enamel beams is observed
junction (staining by Mallory), enamel beams having  (fig. 7).

Fig. 7. Loosening of enamel beams is observed. Staining by Van Gieson. x200.
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In the central part, in the place of a direct contact
with the defect, homogenization and mosaicism of
the intertubular dentin and the disappearance of the
dentinal tubules in it is noted. Peritubular dentin is
impacted, which is characterized by a clear picture
of the borders of the tubules. Circum-pulpar dentin
is without signs of pathological transformation, only
in isolated areas the penetration of reactive
pathological changes into the healthy tissue of
circum-pulpar dentin is noted.

Cellular composition of the pulp is represented
mainly by undifferentiated cells of the fibroblastic
lines, fibroblasts, odontoblasts 3.92+1.03x10° per
1 mm’, macrophages; neutrophils 6.39+2.61x102 per
1 mm” are isolate (fig. 8).

Histological examination of the obtained micro-
objects of pulp amputation with the following MTA
coating shows signs of a proliferative inflammatory
process six weeks after.

Fig. 8. Insignificant number of inflammatory elements.

Moderately pronounced vascular congestion of
the microcirculatory bed in the root area with a
slight swelling in the perivascular space is noted.

Small clumps of neutrophils 7.12+0.96 x102 per
1 mm? are noted (fig. 9).

6 weeks

O Intact group

OMTA TCS

Fig. 9. Neutrophils, x10> per 1 mm’

19/ Tom XXIV/ 4
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Odontoblasts (5.95+1.53x103 per 1 mm?) of root
pulp adjacent directly to the damage zone with
pronounced signs of dystrophic changes. In the
underlying connective tissue a moderately
pronounced edema is found. The cytoplasm of mac-
rophages, plasma cells, fibroblasts and endo-
theliocytes is pale, odontoblasts with signs of
vacuolization.

The histological examination of the obtained
micro-objects after pulp amputation with tricalcium

silicate six weeks after shows that cellular elements
of the pulp are presented by odontoblasts
(7.98+1.51x10° per 1 mm?) in the peripheral layer
and in the subodontoblastic and central layers;
fibroblasts and sessile macrophages are also
revealed in the subodontoblastic and central layers.
Hyperemia is less pronounced without hemorrhages;
no necrobiotic changes have been revealed. PAS-
reaction is evenly positive in connective tissue fibers
and vascular membrane of the pulp.

Results of morphometric investigation of dental pulp tissue (M+m)

MTA TCS
Intact animals
2 weeks 6 weeks 2 weeks 6 weeks
Odontoblasts, x10° per 1 mm’ 8.3+1.02 2.58+1.11* 5.95+1.53* 3.92+1.03* 7.98+1.51*
Neutrophils, x10* per 1 mm® 0.34+0.03 19.49+2.85% 7.12+0.96* 6.39+2.61* 1.39+0.72%

Notes: * — p<0.05 — index of significance of differences as compared with intact animals; # — p<0.05 - index of significance of differences as

compared with data in 2 weeks

The tissue is abundantly vascularized with
numerous newly formed microcirculatory beds and
with pronounced convoluted and anastomotic lym-
phatic vessels. Cellular composition of the pulp is
represented mainly by undifferentiated cells of the fib-
roblastic lines, fibroblasts, odontoblasts, macrophages;
neutrophils (1.39+0.72x10? per 1 mm?) are isolate.

CONCLUSION

1. Two weeks after the modeling of the reversible
pulpitis in the pulp tissue there were found mani-
festations of protective-adaptive mechanisms in the
form of the inflammatory process with its resolution,
with necrosis zone being replaced by connective
tissue.

2. It was established that after TCS using in 6
weeks the number of neutrophils is 5 times less than

after applying MTA and revealed similar clinical
and pathological efficacy with a positive rege-
nerative process with the formation of a bridge of
hard tissues, which consists of collagen fibers in the
form of a frame.

3. It was established that the number of odonto-
blasts after the application of TCS is 1.5 times
higher in comparison with MTA. Therefore, our
results can be useful for TCS in comparison with
MTA.

4. Thus, it should be assumed that the use of
tricalcium silicate as a material for pulp coating
contributes to more active regeneration processes.

Conflict of interests. The author declares that
there is no conflict of interest.
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