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Abstract

AIM. This study investigated the impact of calcium silicate sealers on bone healing in rat calvaria defects.
MATERIALS AND METHODS. Twenty-six rats were divided into 3 groups. Calvaria defects were prepared and
treated in 3 different ways: CG (n = 6): Filling with clot; ES (n = 10): Filling with Endosequence BC RRM Putty
repair sealer and BC (n = 10): Filling with Bio C repair sealer.

RESULTS. After 15 and 30 days, histological evaluations revealed varied levels of bone regeneration and
inflammation. The group treated with a blood clot showed more bone regeneration without inflammation
at 15 days. However, after 30 days, complete closure of the defect with immature tissue was observed
in this group, while limited new bone formation occurred in the other groups, accompanied by mild
inflammation.

CONCLUSIONS. Overall, the study suggests that calcium silicate-based sealers can induce new bone
formation, but they do not offer superior bone repair compared to natural healing with a blood clot alone.
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Pe3ioMe

LLEJTIb. B naHHOM nccnefnoBaHum ndy4anochb BAUSHUE KabLNMA-CUNKATHBIX LLEMEHTOB Ha 3aXMBJIEHME KOCT-
HOW TKaHM Npu gedekTax cBoAa Yyepena y KpbiC.

MATEPWAJIbl U METO/bI. B nccnepoBaHue 66110 BKIOYEHO 26 KpbIC, pasaeneHHbix Ha 3 rpynnbl. Jedek-
Tbl B 06n1acT cBOAA Yepena co3gaBannch U obpabaTtsiBanucb Tpems cnocodbamu: CG (n = 6): 3anonHeHne
CrycTKOM KpoBW (KOHTposb); ES (n = 10): 3anonHeHne BoccTaHOBUTENbHLIM LemMeHToM Endosequence BC
RRM Putty; BC (n = 10): 3anonHeHune uemeHTom Bio C Repair.

PE3YJIbTATbI. Yepe3 15 1 30 aHen npoBogmnack rmcTonornyeckas oLeHka, Kotopas nokasana passmnyHbii
YPOBEHb pereHepaunm KOCTU N BbIPAXXEHHOCTW BOcNaneHus. B rpynne, rae npuMeHsancs ToNbKO KPOBSHOM
CryCTOK, Ha 15-11 geHb Habnoganacb 60nee akTMBHAA KOCTHAsS pereHepaums n otcyTcTemne socnanexHms. Og-
Hako 4yeped 30 aHel B aTOM rpynne aedekT Obla NONHOCTLIO 3aKPbIT HE3PENOW TKaHbto, TOraa Kak B OCTaslb-
HbIX rpynnax GopMrUpoBaHNe HOBOW KOCTHOW TKaHM BbISI0 OFrpaHNYEHHBIM U COMPOBOXAAN0Ch cnabosbipa-
>XEHHbIM BOCManeHneM.

BbIBOAbl. B uenom vccnegoBaHme nokasasno, 4TO KaJbLW-CUNMKaTHbIE LLleMeHTbl CMOCOOHbI MHAYLMPOBaTb
obpasoBaHne HOBOW KOCTU, OAHAKO He obecrnednBatoT 6onee apdeKTUBHOrO BOCCTAHOBIEHUS KOCTHOM TKa-
HM NO CPABHEHMIO C ECTECTBEHHbBIM 3aXXVBIEHMEM NPU UCMOJIb30BaAHNM OAHOMO SIMLLbL CrYCTKa KPOBW.

KnioueBble cnoBa: XVBOTHas MOAENb, 3HAOLOHTUS, CTOMATOIOrM4YEeCKMe MaTepuarbl
UHdopmauuma o ctatbe: noctynuna — 21.05.2025; ucnpasneHa — 11.07.2025; npunarta — 20.07.2025
KoHGAUKT nHTepecoB: aBTOPbLI COOOLLAIOT 06 OTCYTCTBUN KOHPNIMKTA UHTEPECOB.

BnarogapHocTu: laHHOe nccnegoBaHue 66110 nogaepxaHo rpaHtamun Gonpa nvenn Kapnoca Yaraca du-
b0 NO NOAAEPXKE HAay4HbIX nccnenosaHun wrata Puo-ge-Xanenpo (FAPERJ) n HaunoHanbHOro coseta
no Hay4YHOMY 1 TexHonorndeckomy paszsutmio (CNPQ) — rocynapCTBEHHbIX HayYHbIX Y4pexaeHuii bpasunnun.

Ana untupoBaHua: 3ayap X.M., byaHo K.9.C., MNenerpuHe P.A., ®oHTaHa K.3., MapTuHec 3.®., MoHTar-
Hep MN.4., HacumeHTty Y.M., Nlumonpy A.I.C., Powa A.I.I., MapcennaHy-Ansec M.®.B., lanxapan M.MN.B., Knu-
Myc M., MapTuH A.C. BinsHne kanbumin-CUANKATHbIX BOCCTAHOBUTESbHBIX LEMEHTOB Ha 3a>KMBJIEHNE KOCT-
HOWM TKaHW nNpun gedekTax yepena y KpbIC: FTMCTONIOrMYECcKoe U rmcToMopdoMeTpnuieckoe nccnemoBaHume.
OHponoHTns Today. 2025;23(3):433-440. https://doi.org/10.36377/ET-0115

INTRODUCTION

Bioceramic sealers have been developed with the
aim of making procedures such as pulp capping, pul-
potomies, perforation repairs, root resorption treat-
ments, apex formation treatments, and retrograde fil-
lings more predictable [1]. However, the direct con-
tact of these sealers with pulp and periodontal tissues
may raise concerns regarding their biocompatibility [1].
The interaction of these materials with tissues is often
suggested with the aim of promoting tissue regenera-
tion/repair [2], but it is important to evaluate potential
adverse reactions such as inflammation [3; 4].

MTA (mineral trioxide aggregate) is a material that
revolutionized endodontics in the 1990s [5]. It is con-
sidered the biocompatible treatment option of choice
in many cases of root perforations, internal and exter-
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nal resorptions, and pulp capping [6; 7]. However, MTA
has some disadvantages [8], such as low compressive
strength, high pigmenting power of the remaining tooth
structure, time-consuming setting. Due to its low flowa-
bility, it is difficult to handle when it clumps with distilled
water, resulting in a sandy appearance and making it
impractical to use [6; 8; 9].

To overcome the drawbacks of MTA, new calcium si-
licate-based materials have been developed to improve
handling, setting time, and release of heavy metals 10.
These third-generation materials have been evaluated
for their cytotoxicity, regenerative potential, and overall
biocompatibility [4; 10-14].

Some of these sealers, such as EndoSequence Root
Repair Material Putty (Brasseler USA, Savannah, GA,
USA) and Bio-C Repair (Angelus, Londrina, PR, Brazil)
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have been successfully applied both in vitro and in vivo
[5; 7; 11; 15]. However, there is still controversy and un-
convincing results compared to MTA [8; 11; 16; 171].

Although used as an adjuvant and even as the main
material in various clinical situations in endodontics, se-
veral studies question their ability to form bone [18-20],
an essential property within their indications.

Given the difficulty in conducting clinical trials to
evaluate the efficacy of these materials, research has
focused on animal models. The present study, conduc-
ted in rats, aimed to evaluate histologically and histo-
morphometrically the effect of calcium silicate-based
repair sealers, Endosequence BC RRM Putty and Bio
C Repair, on bone healing in skull defects. The null hy-
pothesis is that there is no difference in bone healing
between defects filled with clot or repair sealers.

MATERIALS AND METHODS

The study was conducted in accordance with the Dec-
laration of Helsinki. Twenty-six rats of the species Rattus
norvegicus albinu, class Mammalia, order Roedentia, of
the Wister strain, were used for this study. The research
was approved by the local Ethics Committee for the Use
of Animals under the number 2020/13 (Date: June 30,
2020). The selected animals were young adult animals
without genetic modification, approximately 3 months
old and weighing 300 g each. The animals were kept in
the animal house in cages lined with autoclaved wood
shavings, changed daily, with three animals per cage.
The environment had controlled lighting with 12 hours of
light and 12 hours of darkness, a controlled temperature
of 21°C, and water and food ad libitum.

Sample calculations were based on a critical value
of 1.96 for the 95% confidence interval, a maximum ac-
ceptable variance of 0.23 (23%) based on a preliminary
experiment 21 a minimum standard error of 5% of the
mean, and a significance level of p < 0.05. The manu-
script of this laboratory study was written according to
the PRIASE 2021 guidelines for reporting animal studies
in Endodontology.

The 26 animals were randomly divided into 3 groups,
namely CG - control group with 06 animals and experi-
mental groups ES and BC with 10 animals each accord-
ing to the intervention to be performed and, divided
into two groups according to the observation period of
15 and 30 days. The division of the groups can be seen
in Table 1.

For surgical interventions, the animals were previ-
ously restrained and subjected to general anesthesia.
For this purpose, they were injected intraperitoneally
with ketamine hydrochloride (Ketamine Agener, Agener
Unido, Embu-Gargu, Brazil) at a dose of 75mg/Kg and
xylazine hydrochloride (Dopaser, Hertape Calier S.A,
Juatuba, Brazil) at a dose of 10mg/Kg. After confirming
effective analgesia of the animals, they were trichoto-
mized in the calvaria region and positioned in ventral
decubitus position on a special couch on which the re-
gion to be operated was immobilized. Asepsis was per-
formed in the region of the skullcap using iodine alco-
hol as a local antiseptic. Then, a semilunar incision was
made in the median region of the skull of the rats, fol-
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lowed by a wide lateral excision and exposure of the cal-
varia. A 4-mm-diameter trephine burr was used to drill
a 1-mm-deep, circular, noncritical bone defect in the
calvariae of the rats under constant irrigation with sa-
line at low rotation. During surgery, sterile gauze soaked
with 0.9% saline was placed over the animals’ eyes to
prevent corneal desiccation.

The defects were filled and treated as described in
Table 1. The wound was then sutured with 4.0 silk suture
(Ethicon, Johnson & Johnson, Sao José dos Campos,
Brazil) to properly close the flap edges.

After surgery, the muscle relaxant tramadol was ad-
ministered intraperitoneally at a dose of 5 mg/Kg every
24 hours for 3 days, in addition to the analgesic flunixin
meglunin at a dose of 1.1 ml/Kg in a single dose. No
anti-inflammatory or antibiotic drugs were administered
preoperatively or postoperatively to allow the healing
process to take its natural course.

The operated animals were routinely observed from
the first surgical act (creation of the defect and insertion
of the bioceramic cements) until euthanasia. Animals
were euthanized 15 and 30 days after surgery by an over-
dose of anesthetic, according to the protocol of choice:
90-150 mg sodium thiopental (71-73-8) associated with
10 mg/ml lidocaine (137-58-6), intraperitoneally.

After euthanasia, histologic analysis was performed
by conventional light microscopy of slides stained with
hematoxylin and eosin. The analysis was performed by
a single examiner. Grades from 0 to 3 were assigned to
measure the intensity of the inflammatory infiltrate, with
0 representing an inflammatory infiltrate of up to 15%,
1 representing an infiltrate between 15 and 50%, 2 rep-
resenting an infiltrate of more than 50% up to 75%, and
3 representing an infiltrate of more than 75%. Histomor-
phometry assessment was also performed by a single
investigator who was blinded to the work performed.
The total area observed was measured in square mi-
crometers (um2) and was considered 100%, and the
bone area analyzed was its percentage relative to the
total area.

Statistical Analysis

Then, the inflammation data were statistically ana-
lyzed and subjected to Kruskal-Wallis test followed by
Mann-Whitney U test with a significance level of 5%, and
the histomorphometric data were subjected to descrip-
tive statistics.

Table 1. Allocation of experimental groups

Ta6nuua 1. PacnpeneneHne akCrnepumMeHTasnbHbIX
rpynn

Group| N | Euthanasia Intervention
CG | 3 15days |Animals subjected to cranial trephina-
tion without insertion of bioceramic
3 | 30days |[sealer - repairwith blood clot only
ES 5 15days |Animals subjectto cranial trephination
—————fusing Endosequence BC RRM Putty
5 30days |repair sealer — Brasseler
BC 5 15days |Animals subjected to cranial trephina-
tion using Bio C repair sealer —
5| 30days |Angelus
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Legend: mp area of new bone formation; A mature bone; C - repair sea

inflammatory giant cell

Jlerernaa: W 06nacTb HOBOOGPA30BAHNSA KOCTU; A 3penas KOCTb; C — pernapauyOoHHbI LLEMEHT; % MOHOHYKJI€apHbIiA BOCcnam-
TeNbHbIV MHd)I/IﬂpraT, '::> d)aI'OLI,VITVIDYIOLLI,aﬂ BOCnannTesbHad rmraHTckasa Knetka

Fig. 1. A, Band C - group GC after 15 days at 40x, 100x and 200x magnification, respectively; D, E, and F — group ES
after 15 days at 40x, 100x, and 200x magnification, respectively; G, H and | — group BC after 15 days at 40x, 100x
and 200x magnification, respectively; J, K, and L — group GC after 30 days at 40x, 100x, and 200x magnification,
respectively; M, N, and O — group ES after 30 days at 40x, 100x, and 200x magnification, respectively;

P, Q and R — group BC after 30 days at 40x, 100x and 200x magnification, respectively

Puc. 1. A, Bn C - rpynna GC yepes 15 gHern npu yenmydeHnn 40x, 100x n 200x cooTBeTCcTBEHHO; D, En F - rpynna
ES uepes 15 gHei npu yBenunyeHnn 40x, 100x n 200x cooTBeTCcTBEHHO; G, H 1 | — rpynna BC yepes 15 gHen npu
yBenuyeHum 40x, 100x n 200x cooTBeTCTBEHHO; J, K1 L — rpynna GC yepes 30 gHen npu ysenudeHum 40x, 100x

1 200x cooTBeTcTBEHHO; M, N 1 O —rpynna ES yepe3s 30 gHeli npu yBennyeHum 40x, 100x 1 200x COOTBETCTBEHHO;
P, Qun R - rpynna BC yepe3 30 gHeii npu yBenndeHnn 40x, 100x n 200x COOTBETCTBEHHO
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RESULTS

The illustrative images of the histological sections
stained with hematoxylin-eosin of the different groups
of samples after 15 days are shown in Fig. 1. After
15 days, areas of new bone formation were observed
at CG in the region near the recipient bed as well as in
the central region of the defect. Osteoblasts outlining
the bone spicules were also observed, and this region
was well vascularized. No inflammatory process was
observed. In the ES group, sealer areas distributed
throughout the defect were observed with little new
bone formation, strong vascularization, and a discrete,
typically mononuclear inflammatory infiltrate. In the BC
group, cementum and an inflammatory infiltrate were
observed, also typically mononuclear, highly vascula-
rized, and almost no area of new bone formation.

The illustrative images of the hematoxylin-eosin-
stained histological sections of the different sample
groups after 30 days are shown in Fig. 2. At CG, almost
complete closure of the filled defect was observed with
the presence of both immature bone tissue and lamel-
lar bone. Little bone tissue was observed in the ES and
BC groups. In the ES group, bone tissue was noted near
the peripheral region of the defect. In the BC group, the
presence of phagocytic inflammatory giant cells pene-
trating the biomaterial was also observed. In all groups,
no lymphocytic or mononuclear infiltrate was observed
in the defect region.

The control group had an inflammation value of zero
during the 15-day observation period, while the ES and
BC groups had a value of 1, representing a statistically
significant difference between the control and experi-
mental groups (p = 0.014). For the 30-day observation
period, the 3 groups showed a value of 0, i.e., no sta-
tistical difference. In all groups and evaluation periods,
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there was no variability in the scores evaluated. When
comparing time periods, the control group showed no
statistical difference, and the ES and BC groups showed
a statistically significant decrease in score (p = 0.004)
from 1 at 15 days to 0 at 30 days.

DISCUSSION

The search for restorative materials that promote
bone regeneration in endodontics is not a new topic [21].
In this study, two calcium silicate-based materials in-
dicated for cases of root resorption, root perforations,
pulpotomies, revascularization, retrograde obturation,
and pulp capping were evaluated. However, the results
obtained showed no significant advantage in bone re-
generation compared with the control group, in which
the defect in the calvaria of the rats was filled only with
a blood clot. These results, while contradictory to the
indications of the materials, are consistent with several
other studies in the literature [8; 11; 16; 17; 21-23].

The assessment of bone regeneration through cal-
varia defects used in this study is considered the gold
standard to test the tissue response promoted by root
filling materials [16]. On the other hand, it might be
ideal to make two defects in the same animal, one filled
with clot and the other filled with the test material, so
that each test sample is a separate control [24] Such
a method was not used in this study because a separate
animal served as the control group.

One aspect of these materials that has been much
discussed in the literature is the setting time, and it is
well known that calcium silicate-based sealers have
a long setting time [17]. According to Damas et al. [17],
Endosequence RRM Putty can set up to 12 hours in
a 100% humidity and 37°C environment, but in their
study, there was no complete set and evaluations at 24,

Measure (um?)

Measure (um?)
100000 150000

50000

0

10 20 30
Experimental unit

== 15 days (GC) ===30 days (GC)

150000 200000 250000 300000 350000

A

3
Experimental unit
=15 days (ES) ===30 days (ES)
===15 days (BC) ===30 days (BC)

Fig. 2. Amount of newly formed bone per animal, in um?, after 15 and 30 days:

A —for the control group; B — for the groups ES and BC

Puc. 2. O6beM HOBOOOGPA30BaAHHOM KOCTU Ha XUBOTHOE (B MKM?) yepes 15 u 30 gHei:

A — B KOHTpOJNbHO rpynne; B — B rpynnax ES n BC
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72 and 120 hours. Complete setting was observed only
after 168 hours. This aspect could be one of the reasons
for the greater presence of an initial inflammatory infil-
trate and a delay in bone regeneration [4; 13; 14].

In a previous study [25], after a 2-week treatment
with AH Plus endodontic sealer, a moderate inflamma-
tory reaction was observed, which decreased only after
4 weeks, confirming our study, in which a decrease in
the inflammatory process was also observed through-
out the evaluation period. However, it is worth noting
that the material tested in that study was based on
epoxy resin, which is significantly different from the ma-
terial used in the present study. In our study, although
the inflammatory process was more persistent than in
the control group at the end of the observation period,
the absence of a lymphocytic or mononuclear infiltrate
is indicative of the biocompatibility of the sealers tested.
This result is also consistent with another study [23], in
which two sealers (AH Plus and Sealer Plus) were tested
on calvarial hill defects in rats. In this study, the sea-
lers caused an intense inflammatory response but were
considered biocompatible because they allowed bone
repair. It should also be noted that endodontic defects
are usually smaller than those created in this study, re-
sulting in less contact between the exposed material
and the tissue, which could also lead to a lower inflam-
matory response.

The assessment of inflammation in our study was
semiquantitative by initial qualitative assessment fol-
lowed by quantitative assessment by scores. It is known
that this type of assessment may not be accurate
enough to compare different materials or different time
intervals [16]. On the other hand, a purely quantitative
score in this type of analysis usually shows differences
only when the studied groups are very different, as it
may inadequately capture small differences [16].

Finally, small differences between the sealers stu-
died can be explained by possible differences in their
surface properties, which are directly related to their
biological properties. The presence of calcium in the
composition of these sealers may be similar but re-
leased to the medium to different extents [3]. The re-
lease of calcium from the sealer into the medium is the
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main agent for cementoblast differentiation and dentin
bridge formation and plays an important role in antimi-
crobial activity [3; 13; 14].

A recent study, also using an animal model (Wistar
rats) [14], investigated eight calcium silicate-based
sealers, quantifying volume change, biocompatibility,
and systemic migration of sealer components using
different evaluation methods. The study used sealers
in powder/liquid and “ready-to-use” presentations,
employing computed microtomography to assess vo-
lume variation and histological analysis to determine
biocompatibility after 30 days of implantation in alveolar
bones and subcutaneous tissues. Mass spectrometry
was used to measure the accumulation of metals such
as bismuth, tantalum, tungsten, and zirconium in the kid-
neys after the euthanasia of the animals. The results re-
vealed that Biodentine, EndoSequence BC RRM Putty,
and ProRoot MTA maintained better volumetric stability,
although ProRoot MTA and MTA Repair HP showed me-
tal accumulation in the kidneys. The analysis concluded
that Bio-C Repair, NeoPUTTY, and MTA Repair HP lose
volume in subcutaneous tissues more than in bones,
with NeoPUTTY inducing more inflammation. The study
suggests that the chemical composition of the sealers
and the type of tissue significantly affect their clinical
performance.

A limitation of this study is the use of animal model,
so caution is advised during the results interpretation,
due to the translation from a laboratory and in vivo
study using an animal model to the patients could be
distant. Further studies are needed to confirm not only
the bone repair indication of calcium silicate sealers,
but also the other indications that were not investigat-
ed in this study.

CONCLUSION

Within the limitations of the present study, it was
found that calcium silicate-based sealers are materials
that have biocompatibility properties and can enable
the regeneration process in the defects in the calvaria
of rats. However, compared to the control group, which
was only filled with blood clots, they did not show supe-
riority in accelerating this regeneration.
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