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Abstract

INTRODUCTION. Vital pulp therapyisasignificantapproachinrestorative dentistry, enabling the preservation of
pulpvitality and the stimulation of hard tissue repair. Modern pulp capping materials, particularly silicate-based
cements, facilitatedentinbridgeformationand promotetissueremineralization.TheraCalLCandApaCalARTare
two commercially available materials with bioactive properties and the ability to release calciumions, contribu-
ting to pulp healing. However, there is limited literature on the bioactivity of ApaCal ART. This in vitro study
aims to comparatively evaluate the calcium ion release from TheraCal LC and ApaCal ART using the EDTA
titration method.

AIM. The study aimed to evaluate and compare the calcium ion release of two commercially available pulp
capping agents TheraCal LC and ApaCal ART at different time periods.

MATERIALS AND METHOD. This in vitro study was conducted following good laboratory practice guidelines and
approved by the institutional review board (Approval No. [DYPDCH/DPU/EC/582/142/2023]). Twenty cylindrical
specimens (6 mm x 3 mm) were prepared using silicon molds and divided into two groups: TheraCal LC (n = 10)
and ApaCal ART (n = 10). Adental floss was incorporated into each mold before filling with the respective material.
TheraCal LC was light-cured for 20 seconds, and ApaCal ART for 40 seconds. The specimens were weighed for
standardization and incubated in deionized water at 37°C and 100% humidity for 24 hours. Specimens were
immersed in 5 ml of distilled water and assessed at 24 hours, 7 days, and 21 days. The solution was refreshed at
each time point, and calcium ion concentration was measured using the EDTA titration method.

RESULTS. The mean (= SD) calciumion release for TheraCal LC group was 17.07 +0.48 at 24 hours, 18.36+0.51
at 7 days and 20.95+0.38 at 21 days which was significantly higher compared to ApaCal ART at all time
intervals (p<0.001).

CONCLUSIONS. The study demonstrated that TheraCal LC and ApaCal ART exhibited a progressive increase
in calcium ion release over time, reaching a peak on day 21. TheraCal LC released significantly more calcium
ions at all time points and may be preferable for indirect pulp capping due to its enhanced stimulation of hard
tissue formation.
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Pe3iome

BBEAEHUWE. ButanbHasa Tepanuvsa nyfbnbl SBASETCSH BaXHbIM HanpaBieHMeM B BOCCTAaHOBUTENIbHOW cTOMa-
TONOrnu, NO3BOJIAA COXPAHUTbL XU3HECMTOCOOHOCTb NyNbMbl 1 CTUMYAMPOBATb penapauunio TBEPAbIX TKaHEN
3y6a. CoBpeMeHHble MaTepuanbl A5 NOKPbLITUSA NyfbMbl, B YACTHOCTU CUNNKATHLIE LLIEMEHTbI, COCOOCTBYIOT
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06pa3oBaHM0 LEHTUHHOIO MOCTUKA U peMuHepanm3auum TkaHen. TheraCal LC n ApaCal ART — nga kommep-
Yyeckun OOCTYMNHbIX MaTepunana, obnagawoLwme 6MoaKkTUBHBIMY CBOMCTBaMUN U CNOCOBHOCTbLIO BbICBOOOX4ATb
WOHbI KasbLys, 4TO CMOCOOCTBYET 3aXMBNEHWNIO Nybhbl. OAHAKO B NINTEpaType MMeeTCsl OrpaHnyeHHoe KO-
NINYECTBO AaHHbIX 0 6uoakTuBHOCTM ApaCal ART.

HacTosiwee in vitro nccnegoBaHne HanpaBneHO Ha CPaBHUTENbHYIO OLEHKY BbICBOOOXAEHNSA NOHOB KanbLs
n3 TheraCal LC n ApaCal ART ¢ ncnonb3osaHvem metoga tutposanusa S4TA.

LLE/1b. OueHnTb BoICBOOOXAEHME MOHOB Kanbumsa n3 TheraCal LC n ApaCal ART B in vitro ycnoBusix ¢ ucnorsb-
30BaHNEM MeToda TUTpoBaHna SOTA, yunTbiBas orpaHMYeHHOE KONMYECTBO AAHHbIX B iMTepatype 0 6mo-
aKTUBHbIX cBOMcTBax ApaCal.

MATEPUAJIbl M METO/bI. HacTosiwee in vitro nccnegosaHme NnpoBOANIOCE B COOTBETCTBUM C NPUHLMUNAMMN
Haanexatlien nabopaTopHON NPaKTUKK N BblN0 040O6PEHO MHCTUTYLMOHAIbHLIM 3TUYECKUM KOMUTETOM (HO-
mep onobpenus: [DYPDCH/DPU/EC/582/142/2023]). bbinn nogrotosneHbl 20 unnmHapuyeckmx obpasuos
(6 MM X 3 MM) C NCMNOSIL3OBAHNEM CUIIMKOHOBBLIX GOPM 1 pasaeneHsl Ha age rpynnel: TheraCal LC (n = 10)
n ApaCal ART (n=10). B kaxnayto ¢popmy nepep 3anosiHeHMeEM UccrenyemMbiM MaTtepmanomM nomMmelianacb
3ybHas HUTb. CBeToBas NonMmepmnsauns NpoBoauiacb B COOTBETCTBMU C PpeKOMeHaauMsamMm npon3Boan-
Tens: TheraCal LC - 20 cekyHa, ApaCal ART — 40 cekyHa. O6pasubl B3BeLlVBannuch Aas ctaHgapTmsaymu,
nocre 4Yero MHKyobMpoBanMcb B AENOHN3NPOBAHHOM Boae npu Temnepatype 37°C u BnaxHoctn 100% B Te-
yeHue 24 yaco. Ob6pa3subl norpyxanun B 5 Mn ANCTUNNMPOBAHHOM BOALI M MPOBOAWM aHaNn3 Yyepes 24 yaca,
7 n 21 peHb. Ha kaxxaom atane pacTBOP 3aMEHS/IM CBEXUM, a KOHLLEHTPaLMIO MOHOB KasbLUMs onpeaensnm
MeToa0M TuTpoBaHusa SATA.

PE3YJIbTATbI. CpepHee 3HauveHue (= SD) BbiIcBOGOXAEHNSA MOHOB Kanbuus ans rpynnel TheraCal LC cocTasu-
no 17,07 +0,48 yepes 24 yaca, 18,36 +0,51 yepe3 7 gHein 1 20,95+ 0,38 yepes 21 AeHb, 4TO ObINO 3HAYUTESb-
HO BbiLwe Nno cpaBHeHuio ¢ ApaCal ART Bo Bcex BpeMeHHbIx nHtepeanax (p < 0,001).

BbIBOAbl. UccneposaHme nokasano, 4to TheraCal LC n ApaCal ART yBenunumsanu BbicBO60OXOEHNE NOHOB
KanbLUMs CO BpEMEHEM, aocturas nmka Ha 21-i geHb. TheraCal LC BbicBOOOXAaN 3Ha4nTeNbHO H0obLUe MO-
HOB KaNlbLIMS Ha BCEX 3Tanax 1 MOXeT ObITb NPEeANOYTUTENbHBIM A9 HENPSAMOro NOKPbLITUS NybMbl 61aro-
naps CTUMyNMpyloLLeMy BO34eNCTBMIO HA TBEPAbIE TKaHM.

Knwuessbie cnoBa: ruapokcua kanoums, TheraCal LC, ApaCal ART, ButanbHag Tepanus nynbnbl, HENpsaMoe
NOKpPbITUE MYSbMbI.

UHdopmauumsa o ctatbe: noctynuna — 18.11.0024; ncnpasnena — 11.01.2025; npunara — 02.02.2025
KoHGAUKT nHTepecoB: aBTOPbLI CO0OLLAOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
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INTRODUCTION

In modern restorative dentistry, it is imperative to
employ materials that not only restore the structure of
teeth in an aesthetically pleasing manner but also pos-
sess the ability to repair hard dental tissue that has been
affected by caries [1].

The preservation and maintenance of healthy pulp
tissue is an essential goal that can be attained through
the implementation of vital pulp therapy. This thera-
peutic approach has been specifically designed to
address compromised tissue that may arise as a re-
sult of caries, trauma, or restorative procedures. For
teeth with an inflamed but vital pulp, vital pulp therapy
is a feasible alternative to root canal treatment [2]. The
efficacy of vital pulp therapy largely depends on the
quality of the dentin bridge and the pulpal response to
the capping material which stimulates the production
of reparative dentin, thereby ensuring the preservation
of the tooth as a functional unit [3].

Vital pulp therapy has entered a new era with the ad-
vent of bioactive agents, which allow for the reminerali-
zation of caries-affected hard tissue [4]. In an effort to
find the best material for vital pulp therapy, researchers
have studied a wide range of substances including cal-
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cium hydroxide, zinc oxide, resin-modified glass iono-
mers, calcium phosphate, tricalcium silicate, calcium-
tetracycline, hydroxyapatite and more recently, bioac-
tive agents that enhance pulpal defences [4].

The application of novel calcium silicate cements
has gained momentum in vital pulp therapy which are
known to considerably enhance the clinical efficacy of
both direct and indirect pulp capping procedures [5].
Clinical results show that permanent teeth with symp-
tomatic or asymptomatic irreversible pulpitis consis-
tently exhibit success rates between 85% and 100% at
1-2 years [6].

TheraCal LC (TLC), (Bisco, Schaumburg, USA) is
a resin modified, calcium silicate liner utilized in direct
and indirect pulp capping techniques. The active calci-
um ion release is known to promote healing and apatite
formation'. ApaCal ART [Prevest DenPRO Limited, India]
is resin modified, tricalcium phosphate pulp protectant
fortified with nano-hydroxyapatite with its antibacte-
rial effect and calcium release properties comparable

! Seal and Protect with TheraCal LC Pulp Capping Material
and Liner. Available at: https://www.bisco.com/assets/1/22/
TheraCal_LC_Brochure3.pdf (accessed: 27.12.2024).
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to those of TheraCal LC? The inclusion of light curable
monomers, in TheraCal LC and ApaCal ART offers the
ability to command cure the material and enhances the
bonding of composite to the liner [7].

Due to the paucity of documented literature on the
bioactivity of ApaCal, this in vitro study aims to evaluate
the calcium ion release from TheraCal LC and relatively
newer material, ApaCal ART using the EDTA titration
method.

A null hypothesis proposed was that there is no dif-
ference in the calcium ion release between TheraCal LC
and ApaCal ART.

AIM

The study aimed to evaluate and compare the calci-
um ion release of two commercially available pulp cap-
ping agents TheraCal LC and ApaCal ART at different
time periods.

2 ApaCal ART Cement and Liners. Available at: https://www.
prevestdenpro.com/product/apacal-art/ (accessed: 27.12.2024).
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MATERIALS AND METHODS

This in-vitro study was conducted according to the
guidelines of good laboratory practice and executed
with an ethical approval from the institutional review
board committee, under the approval No. [DYPDCH/
DPU/EC/582/142/2023].

Specimen preparation

Total of 20 cylindrical molds with a height of 6 mm
and a diameter of 3 mm were made with silicon tubes
[Fig. 1A]. The specimens were allocated into two groups:

— Group A: TheraCal LC [n =10];

— Group B: ApaCal ART [n = 10].

A dental floss was placed in the silicon tubes and
these were filled with respective material to be tested in
each group (Fig. 1B). The tip of the syringe was placed
inside the silicon tubes to avoid incorporation of air bub-
bles. As recommended by the manufacturer, the speci-
mens in Group A were light cured for 20 seconds, and
Group B for 40 seconds (Fig. 1C, 1D). Specimens were
weighed to ensure standardization within each group
using a digital balance (Wensar, India).

SAMPLE2

Fig. 1. Depicting procedure steps in specimen preparation: A — cylindrical molds used for sample preparation;
B - cylindrical molds filled with TheraCal LC and ApaCal ART; C - light curing of the samples; D - light cured

samples incorporated with dental floss

Puc. 1. inniocTtpaums atanoB noAroToBkM o6pasyoBs: A — umnmHapuyeckne GopmMbl, UCMONb3yeMble
ON151 NoAroToBkM 006pasuos; B — popmebl, 3anonHeHHble TheraCal LC n ApaCal ART; C — cBeToBas nonMepm3aaums
06pa3uoB; D — nonnmepmnaoBaHHble 06pa3sLibl C BCTPOEHHOM 3yOHOM HUTbLIO
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Sample incubation and storage

The specimens were suspended in deionized wa-
ter and were subjected to storage conditions of 37°C
and 100% relative humidity using an incubator (Bio
Technics®BTI25, D. Haridas and Company, India) for
duration of 24 hours to enable the initial setting of the
materials [8].

Calcium ion measurement

The individual specimens were subsequently im-
mersed in 5 ml of distilled water and assessed at spe-
cific intervals; 24 hours, 7 days, and 21 days. It was en-
sured that all the tubes were transferred to fresh solu-
tions at the commencement of each respective period.
At the end of each evaluation period, the medium was
collected, and its calcium ion concentration was meas-
ured using an ethylenediaminetetraacetic acid [EDTA]
titration method [8; 9].

EDTA titration method

EDTA solution (Loba Chemie® Pvt. Ltd. India) was
taken in a burette and 10 ml of this mixture was pipet-
ted out into a conical flask. To this mixture, 5 ml am-
monium chloride (Rankem chemicals Pvt. Ltd., India)
and sodium hydroxide (Rankem chemicals Pvt. Ltd.,
India) buffer solutions were added. Subsequently, 3 to
4 drops of Erio chromic black T indicator (Labogen’s
Fine Chem Industry, India) were added and the solu-
tion was heated to 600°C. The solution was immedi-
ately titrated with 0.01M EDTA until the red wine colour
of the solution completely disappeared and a sky-blue
colour appeared [10-12].

Statistical analysis

The data was subjected to statistical analysis using
IBM Corp. 2012, IBM SPSS® Statistics for Windows,
Version 21.0. Armonk, NY: IBM Corp.

The mean and standard deviation (SD) was ob-
tained for the Calcium ion release in both TheraCal
LC and ApaCal ART group at different time intervals.
For intragroup comparison at different time interval
Repeated measure ANOVA and Tukey post hoc was
applied. Intergroup comparison was done using Un-
paired T Test. All the statistical tests were carried out
with confidence interval at 95% and p < 0.05 was con-
sidered statistically significant.
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RESULTS

Total of 10 specimens were tested in each group for
mean release of calcium ions. The mean (+ SD) calci-
um ion release for TheraCal LC group was 17.07+0.48
at 24 hours, 18.36+0.51 at 7 days and 20.95+0.38 at
21 days which was significantly higher compared to
ApaCal ART at all time intervals (p < 0.001), (Fig. 2).
The mean difference between TheraCal LC and ApaCal
ART group at 24 hours, 7 days and 21 days was found
to be 11.88, 10.86, 9.61 respectively. The unpaired
t-test showed a significant difference among the tested
groups (p < 0.001). Repeated Measure ANOVA analysis
revealed a statistically significant difference at various
time intervals followed by Tukey’s post hoc analysis
(p < 0.001). When a pairwise comparison of the calci-
um release was done for TheraCal LC and ApaCal ART
group at different time intervals, an increase in the re-
lease of calcium ions was observed over the course of
days as compared to a 24-hour period, which was sta-
tistically significant (p < 0.05) (Table 1).

All values are expressed as mean * standard devia-
tion (SD) (in parentheses). The statistical test used: Re-
peated Measure ANOVA,; level of significance: p < 0.001
is considered statistically significant.

11.34
21 Days

20.95

7 Days

7.49

5.19
24 Hours
0 5 10 15 20 25
Apacal ART Il TheraCal LC

Fig. 2. The mean Calcium ion release for TheraCal LC
and ApaCal ART at different time periods

Puc. 2. CpegHee BbICBOOOX AEHME MOHOB KaslbLis
anga TheraCal LC v ApaCal ART B pa3Hble BpeMEHHbIE
nepuoasl

Table 1. Comparison of the Calcium ion release between and TheraCal LC and ApaCal ART at different time intervals
Ta6nuuya 1. CpaBHeHMe BbICBOOOX AeHMS MOHOB KanbLmsa mexay TheraCal LC n ApaCal ART

B pa3Hble BpeMeHHble nHTepBaibl

Time Interval Groups Mean Std. Deviation Std. Error Mean | Mean Difference t p-value
TheraCal LC 17.07 0.48 0.15

24 Hours 11.88 70.51 <0.001
ApaCal ART 5.19 0.24 0.07
TheraCal LC 18.36 0.51 0.16

7 Days 10.86 63.17 <0.001
ApaCal ART 7.50 0.19 0.06
TheraCal LC 20.95 0.38 0.12

21 Days 9.61 66.56 <0.001
ApaCal ART 11.34 0.26 0.08
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DISCUSSION

Vital pulp therapy is a biologic and conservative
treatment approach which aims to preserve the health
and function of the pulp-dentin complex [13]. Avital pulp
can promote formation of reparative dentin and reduce
inflammation. In this procedure, a protective biomaterial
known as a pulp capping agent may be applied to the
thin layer of remaining dentin over an exposed coronal
pulp (direct capping), a nearly exposed pulp (indirect
capping), or partially exposed coronal pulp tissue (pul-
potomy) [14].

TheraCal LC is a resin-modified, light-cured calcium
silicate material containing 45% wt. mineral material
[type lll Portland cement.], 10% wt. radiopaque agent,
5% wt. hydrophilic thickener [fumed silica] and estimat-
ed 45% resin [15]. It is classified as IV generation calci-
um silicate material according to ISO 9917-2017 — part 2
clause 4.1 [16]. TheraCal LC has an opaque shade and
should thus be placed in a thin layer under the compos-
ite restoration. The manufacturers suggest applying it
in a layer of 1mm and curing it for 20 seconds with light.
However, Gandolfi et al. stated that the material can be
placed in a thickness of 1.7mm after an exposure with
visible light for 20 seconds.

TheraCal LC has been used in the present study
owing to its immediate setting, ease of usage and low
solubility. TLC is a hydraulic silicate material “in which
the setting reaction of the polymerizable component
is light-activated” [16]. The setting commences when
the material comes into contact with water. Since wa-
ter is not included in TheraCal LC for material hydra-
tion, it is dependent on the amount of water that is
absorbed from the surroundings and how it diffuses
through the material [16]. Thus, the material is applied
to moist dentin as recommended by the manufacturer.
The resin modification in TheraCal LC is known to ac-
celerate the hydration reaction of the material, thus
resulting in low solubility and substantial calcium re-
lease within the first several hours. The calcium ions
release is pivotal for effective pulp capping procedures
due to the effects of these ions in the differentiation of
pulp cells and mineralization of the hard tissue [16; 17].
In addition to stimulating dental pulp cell proliferation
in a dose-dependent manner, the calcium ions eluted,
also boost pyrophosphatase activity which helps in
forming a dentin bridge [17; 18].

Camilleri et al. found that the limited moisture dif-
fused from within the pulp-dentine complex into the
obtained set mixture results in incomplete hydration
of TheraCal LC [19]. When used in pulp capping pro-
cedures, the polymerization in TheraCal LC is linked to
lower heat generation, which minimizes deleterious pul-
pal effects [20].

ApaCal ART a novel pulp capping agent which is
light-cured and is primarily indicated for various pulp
capping techniques. It is comprised of calcium hydro-
xide as a primary component, a resin matrix of trie-
thylene glycol dimethacrylate [TEGDMA] and urethane
dimethacrylate [UDMA] fortified with tricalcium phos-
phate and hydroxypatite fillers, barium zirconate oxide
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and silanated barium glass powder which serve as
radiopacifiers, photoinitiator and amine accelerator.

Tricalcium phosphate has the potential to function
as a phosphate reservoir and enhance cement reac-
tivity through the nucleation of calcium phosphate na-
noapatite, which stimulates pulpal cells to aid in the
dentin bridge formation [21; 22]. Additionally, calcium
phosphate granules have also been detected in ApaCal
ART. Calcium phosphate accelerates the formation of
hydroxyapatite as it provides additional phosphate from
the biological fluid for this process [23].

It has been proposed that the alkaline pH functions
as a regional buffer to neutralize the inflammatory pro-
cess’s acidic responses in addition to activating the al-
kaline phosphatase [ALP] that play an important role in
hard-tissue formation [24].

Research has indicated that a high concentration of
hydroxyl ions from calcium hydroxide is necessary for
the initial changes that lead to the differentiation of pulp
cells into odontoblasts [25]. A minimum of six to eight
weeks is needed for adequate remineralization of the
cavity floor after the pulp capping procedure. The abil-
ity of the provisional and final restorations to maintain a
hermetic seal against microleakage is crucial for a sat-
isfactory outcome [26; 27].

The use of newer light cured pulp capping agents
permit the clinician to etch and bond the lining mate-
rial to aid in the placement of final restorations, thus
increasing the efficiency of the clinician. These ad-
vancements have translated to excellent clinical out-
comes for pulp capping procedures. In this study, it
has been observed that TheraCal LC had an increased
calcium ion release when compared to ApaCal ART.
An increased calcium ion release aids in rapid tertiary
dentin formation and the dentin bridge formed, acts
as a protective barrier to the pulp space in deep res-
torations. A novel method for digitally evaluating den-
tin bridge formation with CorelDRAW X7 software has
been developed [28]. The results of the study provide
the opportunity to compare the materials by further
clinical and experimental studies for various clinical
applications.

Inevitably, the limitations of this in vitro study in-
clude difficulty to precisely simulate the biological as-
pects and the multitude of intraoral conditions which
are not accounted. Future studies should investigate
the long-term performance of these materials in vivo,
focusing on clinical outcomes expanding to include
other bioactive materials.

CONCLUSION

In line with the study findings, it was observed that
both TheraCal LC and ApaCal ART showed a sustained
increase in calcium ion release over time with the high-
est calcium ion release noted at 21 days.

TheraCal LC demonstrated a significantly higher
calcium ion release when compared to ApaCal ART
at 24 hours, 7 days and 21 days and may be prefera-
ble for indirect pulp capping because of their greater
ion-releasing ability and stimulation of hard tissue
formation.
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