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Constantly search of new materials and improvement of
technology for their application is important for patients
who need endodontic care and its management. Calcium
silicate-based materials are one of groups which have been
widely studied and used in such purpose. Among such
materials, Tricalcium Silicate (TS) as Biodentine™ (BD,
Septodont, Saint Maur des Fossés, France), was specifically
designed as a “dentin replacement” material for applica-
tions such as root perforations, apexification, treatment of
resorptive lesions, as well as a retrograde filling material
in endodontic surgery [6,16], as considered as one of the
main physical characteristics of hydraulic cements [7].
BD is composed of a mixed powder and liquid system. The
powder contains tricalcium silicate which is main compo-
nent, calcium carbonate which is used as filling material,
zirconium oxide which works as radiopacifier, with traces
of dicalcium silicate, calcium oxide, and iron oxide. The
liquid phase of BD consists of a water-soluble polymer
solution (water-reducing agent), using calcium chloride
to decrease the setting time [4,14,16].

Biodentin has been reported to have better biological
properties than other tricalcium silicate cements, such as
trioxide mineral aggregate (MTA). Previous research has
shown that the dynamic interaction of BD with the surface
of dentin and pulp tissue stimulates the recruitment and

differentiation of pulp cells, upregulates transformation
factors (gene expression), and promotes dentinogenesis
[3,16]. Other studies have shown that BD is not cytotoxic
and not genotoxic for pulp and gingival fibroblasts [13],
but with were higher up regulation of mineralization and
odontoblastic differentiation-associated gene expressions
as compared to MTA group [6,19].

Described property could be useful for various treatment
options and management of closing defect due to named
above character by direct pulp capping [18], but with un-
clear consequences of such measurement for pulp tissue
on case of development of pulpitis. Clinical trials have
reported that these materials reduce the frequency and
severity of major complications. Despite these treatment
options, there is still a need for other cost-effective modali-
ties to prevent future disorders.

The aim of this study was to determine the effects of Tri-
calcium Silicate (BD) on course of traumatic pulpitis by
detection of morpho-functional peculiarities of changes
in pulp tissue.

Material and methods. We performed experimental
investigation for study of the morpho-functional changes of
the pulp tissues tissue with modeling of traumatic pulpitis
(on rabbits, males, aging three-month) and direct pulp cap-
ping by next steps (Fig. 1).

sl

Fig. 1. Modeling of traumatic pulpitis with the preparation of hard tissues of the teeth, bleeding stopping;
performing medical proceeding of the cavity and dry the cavity after that; direct pulp capping
and filling the tooth with glass ionomer cement
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After a general anesthesia (5% ketamine, of 0.4 ml
per 1 kg of body weight, intramuscularly) we made the
preparation of hard tissues of the teeth with a micromo-
tor tip with opening of the tooth pulp horn. Bleeding was
stopped with 5% aminocaproic acid. We performed medi-
cal proceeding of the cavity with a 3% solution of sodium
hypochlorite and dry the cavity after that. After direct
pulp capping with a tricalcium silicate (BD) preparation
(8 animals, investigated group) and calcium hydroxide
(Calasept, NORDISKA DENTAL) preparation (8 animals,
comparison group), filling the tooth has been performed
with glass ionomer cement.

After excretion of animals from the experiment on the
2 and 6th weeks tissues of tooth were fixed in 10% for-
malin. Fixed in formalin tissue has been routine proceeding
after decalcification in acetic acid with making histologi-
cal slides which were stained with hematoxylin and eosin
(H&E), according to van Gieson, Mallory, PAS-reaction
was performed [1]. The slides were studied with the mi-
croscope “Olympus BX-41 and followed interpretation
by “Olympus DP-soft version 3.2”, which was used for
morphometric study. Morphometric studies were performed
by superimposing of grid with square cell (side 10 m) and
detection of cellular density for pulpary cells and inflam-
matory elements. Number of vessel cross-sections per 1
mm?, odontoblasts, x10° per 1 mm?, fibroblasts, x10? per
1 mm?, neutrophils, x10%per 1 mm?, has been 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 Convention 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 from
the Regional Ethical Review Board at State Establish-
ment “Dnipropetrovsk Medical Academy” protocol Ne2
(01.04.2016).
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Results and their discussion. Acute damage of the
pulp with the formation of traumatic pulpitis (Fig. 2) has
been revealed in histological investigation of specimen

obtained after two weeks of direct pulp capping in group
with calcium hydroxide. Pronounced vascular disturbance
and inflammatory infiltration have been detected. Micro-
focal hemorrhages and necrobiotic changes have been
revealed with background of hyperemia and edema. There
is a pronounced PAS-reaction of the thickening vascular
membranes with defibration that is especially expressed
around the walls of capillaries; PAS-positive hyaline mem-
branes are indicated. Cellular reaction of traumatic changes
is manifested with infiltration of the zone of damage by
inflammatory cells (neutrophils, macrophages) surround
dentinal fragments mainly. Morphometric data are pre-
sented in table 1 for that and other groups.

Necrobiosis and necrosis have been revealed in area of
the trauma with cellular reducing density accompanied by
the decomposition of reticulin fibers, homogenization of
the basic substance and the accumulation of PAS-positive
material. There are dystrophic changes of fibroblasts in
the area of neutrophil appereance; nuclei of fibroblasts are
pale. The cytoplasm of odontoblasts is vacuolated. There is
destruction of the vascular membranes in the inflammation
zone. Thus serous-purulent pulpitis with foci of necrosis or
purulent fusion has been described in group with calcium
hydroxide direct pulp capping after two weeks.

The histological examination of the obtained micro-
specimens after direct pulp capping with a tricalcium
silicate preparation shows other picture of pulp tissue
condition. Cellular elements of the pulp are represented
by odontoblasts in the peripheral layer, and by subodon-
toblasts in the subodontoblastic and central layers; fibro-
blasts and sedentary macrophages have been revealed in
the subodontoblastic and central layers also. Hyperemia is
less pronounced without hemorrhages; necrobiotic changes
have not been revealed. PAS-reaction is evenly positive in
connective tissue fibers and vascular membrane of pulp.

The tissue is abundantly vascularized with numerous
new formed microcirculatory bed and lymphatic vessels
with pronounced crimp and anastomosis. Cellular compo-
sition of the pulp is represented mainly by undifferentiat-
ed cells of the fibroblastic lines, fibroblasts, odontoblasts,
macrophages; neutrophili are isolate. The layered type of
the structure of the pulp is preserved with exception of
trauma area.

The histological examination of the obtained micro-
specimens after direct pulp capping with a calcium hydrox-
ide preparation shows sings of proliferative inflammatory

Table 1. Morphometric data of pulp for investigated groups

. Group of calcium hydroxide Group of tricalcium silicate
Investigated parametr Intact group
2 weeks 6 weeks 2 weeks 6 weeks

Number of vessel cross-sec- 49.2+3.47 053+6.58% | 79.24+9.41% | 6931x4.76* | 47.38+4.12"
tions per | mm
Odontoblasts, x10° per 1 mm? 8.3+1.02 1.73+0.44* 3.414+0.92%* 3.92+1.03* 7.49+1.51*
Fibroblasts, x10% per 1 mm? 17.92+4.42 5.31£2.18* 11.47+£2.16 10.71+£2.36 16.04+3.11
Neutrophils, x10*per 1 mm? 0.34+0.03 41.3245.73* 6.01+1.47%* 6.39+2.61* 1.39+0.72%

* - p<0,05 compared to the intact animals, # - p<0,05 compared to 2 weeks group
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Fig. 2. Tissual changes in modeling of traumatic pulpitis and consequences of direct pulp capping
with a tricalcium silicate preparation. Necrobiotic changes of pulp tissue, formation of inflammatory infiltration,
uneven congestion of microcirculatory bed vessels with overfilled lumens, H&E stain, magnification x100 (a);
proliferative activity of odontoblastic layer, H&E stain, magnification x400 (b),
sclerotic changes pulp, staining according to Mallory, magnification x100, (c)

process after six weeks. There are no pronounced signs
of osteodentin formation which has been noted suround
dentinal fragments. The processes of organization are
accompanied by active neoplasm of fibrous structures
(encapsulation, formation of osteodentin, etc.). There are
false intrapulpary cysts which appeared on the spot of he-
matomas, after elimination of vascular disorders in the pulp;
a protective reaction is developed with form of deposits of
substitute dentin on the walls of the tooth cavity without
pronounced migration of the odontoblast nuclei.

Cloak dentin has been detected in solid tissues of large
defects with penetration into the pulp with conglomerates
of cellular detritus. The zone of the crown dentin under-
goes severe destruction: it is represented by a softened
dentin with formation of a zone of transparent dentin.
Simultaneously there are foci of neutrophil accumula-
tion till formation of microabscess around which fibrous
tissue is developed, which characterizes the proliferative
type of inflammation (productive tissue reaction). There
is developed sclerosis and net atrophy with the formation
of macrophage granulomas and the active formation of
osteoclasts in that group.

Use as the odontotropic preparation of tricalcium
silicate is realized after six weeks in proliferative type
of cellular reaction without sign of acute inflammatory
process that is allowed by creation of a hermetic crown
restoration with a high degree of adhesion to the dentin of
the bottom. There are numerous fibroblasts in pulp which
indicate active stimulation of the formation of a hard tissue
bridge under the influence of the angio- and dentinogenesis
processes, the main structural element of which are coarse
collagen fibers. Cells of connective tissue are presented by
mature cells predominantly. Lymphoid elements are dis-
persed evenly between the connective tissue fibers, without
the formation of focal accumulations; signs of accumula-
tion of inflammatory exudate have not been demonstrated.

Search of new methods and materials is extremely
important for treatment of dental pathology [2, 9] especially
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with understanding of pathogenetical background [11,12].
So after becoming calcium silicate material “Biodentine”
that was commercially available from 2009 as a “dentine
replacement” material it has been applicated wide and one
of suggested way as pulp capping started to be discussed
in restorative dentistry [14]. However methodology is
specifically useful and preferred when the coronal pulp
tissue is inflamed and a direct pulp capping is not a suitable
option according to some works [17].

But described interactions between pulp capping
materials and the injured pulp tissue with signalling of
reparative dentinogenesi of Biodentine as well as the
ability to modulate TGF secretion by pulp cells which has
previously shown to be released from dentine by calcium
hydroxide [13] make direct pulp capping interesting for
BD using in traumatic pulpitis as perforation consequences
for example.

It has been established that pulp tissue possesses high
reactive capabilities, while direct coating of the pulp pro-
motes active regeneration processes with active formation
of capillary net and new connective tissue elements [5,15].
Two weeks after injury, manifestations of protective adap-
tive mechanisms in the form of an inflammatory process
with its resolution were found in it, encapsulation of
dentinal fragments and foci of necrosis with their delimita-
tion from viable pulp tissue with background of intensive
angiogenesis. Vascular disturbance could be recognized as
one of most important factors in inflammatory processes
of oral cavity [5,8,10].

Creation of hermetic contact with high degree of adhe-
sion to the dentin of the bottom promotes development of
aseptic inflammatory process with transformation in pro-
liferative and formation of dense connective tissue bridge.
It was established that processes of rheology disturbance
with disorders of lymph circulation are replaced by resto-
ration cellular component. The main goal of endodontic
treatment should be clinical success but experimental trials
with long term follow up (in our research 6 weeks) with



GEORGIAN MEDICAL NEWS
No 3 (276) 2018

next step in clinical pathogenetical based using for different
selection of material accordingly to clinical necessity and
success. Suggested direct pulp capping was investigated
for traumatic pulpitis and found out similar clinical and
pathologic effectiveness with positive regenerative process
with formation of hard tissue bridge which consists of rode
collagen fibers as carcass, so our results could be helpful
for BD in comparison with calcium hydroxide.

Conclusion. Manifestations of protective adaptive mecha-
nisms have been revealed in the form of inflammatory process
two weeks after the injury in the pulp tissue with its resolu-
tion six weeks after performing of direct pulp capping with
Tricalcium Silicate (Biodentine) with replacement of necrotic
area by connective tissue with their delimitation from viable
pulp tissue against a background of intensive neoplasm of
capillaries. Morphometric study proved dynamical changes of
vascular number cross-sections per 1 mm? from 69.31+4.76 (2
weeks) to 47.38+4.12 (6 weeks) with 49.2+3.47 vascular den-
sity in intact group. Cellular density of odontoblasts as changed
from 3.92+1.03 x10° per 1 mm? (2 weeks) to 7.49+1.51 x10°
per 1 mm? (2 weeks) with 8.3+1.02 x10° per 1 mm? cellular
density in intact group.
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SUMMARY

INFLUENCE OF TRICALCIUM SILICATE ON
COURSE OF TRAUMATIC PULPITIS

"Kovach 1., 'Buniatian K., 'Makarevych A.,
'Verbyts’ka A., *Gargin V.

!State Establishment “Dnipropetrovsk Medical Academy”,
’Kharkiv National Medical University, Ukraine

The use of Tricalcium Silicate (TS) as an odontotropic
preparation makes it possible to create a hermetic crown
restoration with a high degree of adhesion. However, the use
of TS silicate by direct pulp capping remains disputable. The
aim of this study was to determine the effects of TS on course
of traumatic pulpitis by detection of morpho-functional
peculiarities of changes in pulp tissue.

We performed experimental investigation (on rab-
bits, males, aging three-month) for study of the morpho-
functional changes of the pulp tissues with modeling of
traumatic pulpitis and direct pulp capping with TS prepara-
tion (8 animals, investigated group) and calcium hydroxide
(Calasept, NORDISKA DENTAL) preparation (8 animals,
comparison group). After 2™ and 6th weeks tissues of
tooth were fixed in 10% formalin with performing routine
proceeding after decalcification and making histological
slides which were investigated.

Manifestations of protective adaptive mechanisms
have been revealed in the form of inflammatory process
two weeks after the injury in the pulp tissue with its
resolution six weeks after performing of direct pulp capping
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with TS with replacement of necrotic area by connective
tissue with their delimitation from viable pulp tissue
against a background of intensive formation of capillaries.
Morphometric study proved dynamical changes of vascular
number cross-sections per 1 mm? from 69.31+4.76 (2 weeks)
to 47.38+4.12 (6 weeks) with 49.2+3.47 vascular density in
intact group. Cellular density of odontoblasts as changed
from 3.92+1.03 x10° per 1 mm? (2 weeks) to 7.49+1.51 x10°
per 1 mm? (6 weeks) with 8.3£1.02 x10° per 1 mm? cellular
density in intact group.

Thus it can be argued that the use of TS as a material
for direct pulp capping promotes more active regeneration
processes.

Keywords: pulpitis, tricalcium silicate, calcium hy-
droxide, histology, experiment.

PE3IOME

BJIUSTHUE TPUKAJIBIIACUJIUKATA HA TEYE-
HUE TPABMATHUYECKOI'O ITYJIBIIUTA

'Kosau U.B., 'BynTsan K.A., 'Makapesuu A.1O.,
"Bepounkas A.B., ’TI'aprun B.B.

! Tnenponemposckas meduyunckas axademus, *Xapo-
KOBCKUU HAYUOHANbHBIL MEOUYUHCKUL YHUGEpCUmen,
Yrkpauna

Lenpto ucciienoBaHus sSBUJIOCH OINpPEACICHUE BIIMsA-
HUSI TPUKAIBIMHACHINKATA HA TEYCHUE TPABMAaTHYECKOTO
MYJIBINTA.

[TocTaBneH AKCIEPUMEHT Ha 3-MECSIUHBIX KpPOJIHKaxX-
camuax Juisi u3ydeHuss MoppopyHKIIMOHAIBHBIX U3MEHE-
HU TKaHH IYJIbITBI C MOJCITUPOBAHHEM TPABMAaTHYECKOTO
MYJIBINUTA ¥ MPSIMBIM MOKPBITUEM ITYJIBITbI TPUKAIIBIHI-
CHUIIMKaTOM (8 >KMBOTHBIX, MCCIEAyeMasi Tpylmna) U TH-
npoxeunoM kaipius (Calasept, NORDISKA DENTAL)
(8 *XMBOTHBIX, rpynmna cpaBHeHus). Criycts 2 1 6 Hefenu
TKaHu 3y0a ¢ukcupoBanu B 10% dopmannHe u mocie
JieKanbIU(UKAUK U PYTUHHOW MPOBOJKH HCCIIEIOBAIN
THCTOJIOTMYECKHUE MTPEnapaThl.

Crnycts 2 Hefenu Mocjie HAHECEHUS TPAaBMbI B TKAHU
MyJIBIBI 0OHAPY)KEHBI MPOSIBJICHUS 3aIIUTHO-TIPUCIIOCO-
OUTENbHBIX MEXaHM3MOB B BHUJIE BOCHAJIUTEIHHOTO IPO-
Hecca ¢ €ro paspelleHueM, IpH KOTOPOM HaOJIIoAaeTCs
3aMEIIEHUE 30Hbl HEKPO3a COCAMHUTENBHON TKAHBIO HA
(hoHE MHTEHCHBHOTO HOBOOOPA30BaHHs KaIlIMJUISIPOB, YTO
XapaKTepu3yeTcsl U3MEHEHNUEM IUIOTHOCTH COCYAOB MH-
KPOLUPKYIATOPHOTO pycna. Mopdomerpuueckoe uccie-
JIOBaHHE MOKA3aJi0 JUHAMHWYECKHE H3MEHEHHUS KOoIHude-
CTBa COCYIMCTHIX ceueHuit ¢ 69,31+4,76/mm? (2 Henemnn)
1o 47,38+4,12/mm? (6 Henens) nipu 49,243,47/MMm? B MH-
TakTHOH rpynmne. [I1oTHOCTh OIOHTOOIACTOB M3MEHMIIACH
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¢ 3,9241,03x10°/mm? (2 Hemerm) 1o 7,49+1,51x10%/mm? (6
Heaens) npu 8,3+1,02x10%/MM? KIETOYHOM TJIOTHOCTH B
MHTAKTHOM IpyIIIe.

TakuM 00pasoM, cienyeT MpPEeanoIoKHTh, YTO HC-
MOJTb30BAHIE TPHKATBIIMACHINKATA B KAUECTBE MaTepHa-
Ja J7Is TPSIMOTO TIOKPBITHS MYJIBITBI CTOCOOCTBYET Goree
AKTHBHBIM ITPOIIECCAM PETCHEPAIIUH.
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