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A Bioactive- enhance the formation of
apatite in simulated body fluid

A Biointeractive- release of ions that
enhance re-mineralization

A Bulk Fill-

I Dual cure materials- can be Bioactive or
Biointeractive

I Self cure- biointeractive

I Light cured- low refraction of light, currently
not bioactive nor biointeractive




Biologic Materials
for Pulpal Vitality

Alndirect Pulpal Therapy
ADirect Pulpal Therapy
APulpotomy
APulpectomy

ATrauma
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Biologic Materials

AMTA

ABiodentine

ALime Lite
ANeoMTA

ATheraCal LC and DC



Biologic Materials

A MTA- the original, Portland cement type
ASTM | from the California Portland
Cement company.

A Slow set, grey color, mixed with water,
very expensive and difficult to place or
control.

A Replaced by white MTA- Type I11?






Table 1: Major phases, determined by X-ray diffraction

Product brand name Tri/dicaicium silicate

ProRoot® MTA (white) 76 20
Biodentine® 83 E
BioRoot™ 63 37
MedCem MTA® 70 23
TheraCal® 78 17
EndoSequence® Sealer 41 59
EndoSequence® Root Repair 59 33
EndoSequence® BP Root Repair 55 37
EndoSequence® RRM 63 34
NeoMTA Pius® 72 25
Grey MTA Plus® 72 25

* Bismuth oxide, barium zirconate, zirconia, and/or tantalite




the innovative light curable Calciu
Silicate based pulpcapping material
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ML NE L RLTA MR BT RN R AR b B N R af B LR

INDIANAPOLIS, IN 46282-0200 (US)



J Dent. 1999 Nov:27(8).557-64.

Human pulp response after an adhesive system application in deep cavities.

Hebling ..I", Giro EM, Costa CA.
% Author informa _ALLRAND 7. arrantahla hinmn:‘l‘ihi“hrf

Guintezsence Int. 200

Hafez A4", Cox CF,
# Author infor

Abstract BRI AN T, 3 oy 3!
| OBJECTIVE:Thisf S0 8 (@ 10 1 o 1 N & 0 coagulum, to

remove dentin chif == _ < SIEs )L WS 14

| vETHoD anD | SN RS - S eys and
histologically obs| RPN L el rite. Twenty-two

| exposures were cf - - SR - 4 i1 3. 0 pulps were
excluded from the . o - e - days, tissues were
obtained by perfu: RPLE MR it - . RNy [

RESULTS: Forbof | s 4 \lo necratic pulps
were observed. At ARETS, ey sent in 26 pulps.
Four 97-day pulps exhibited necrosis associated with stained bacteria. One Ef—day pulp cnntamed dentin chips throughout the pulp and demonstratad
no healing, no reparative dentin, and no stained bactenal profiles.

CONCLUSION: Normal soft tissue reorganization and dentinal bridge formation were observed in 86% of pulps treated with sodium hypochlonte and
either adhesive system.




Cytotoxicity- HEMA- Bond

J Oral Rehabil. 2001 Oct:28(10):971-5. % Killing cells
In vitro cytotoxicity 67 six dentin bonding agents.

Koliniotou-Koubia E", Dionysopoulos P Koulaouzidou EA, Kortsaris AH, Papadogiannis Y.

# Author information Scotchbond- HEMA

Abstract

The cytotoxicity of six dentin bonding agents (Syntac, Solobond, Bond 1, Scotchbond 1, Heliobond and F-2000) was tested against an established
cell line, L929. Under aseptic conditions 3, 5 and 10 microL dentin bonding agents were placed in the centre of Petri dishes. Each dish was covered
with a 5-mL suspension of fibroblasts at a concentration of 40 000 cells mL{-1). The cultures were incubated at 37 degrees C and cytotoxicity was
assessed by a quantitative technigue at 24 and 72 h. All the dentin bonding agents were found to be cytotoxic. Scotchbond 1 and F-2000 showed the
highest cytotoxicity followed by Solobond and Bond 1. Heliobond and Syntac were the least toxic materals.

J Biomed Mater Res. 2002;63(1).53-60.

Cytotoxicity of modern dentin adhesives--in vitro testing on gingival fibroblasts.
Szep 51, kKunkel A Ronge K, Heidemann D.

@ Author information Scotchbond and Ariston Liner least recommended

Abstract
The present investigation was designed to test cellular toxicity of modern dentin adhesives. With the use of the products Ariston Liner, Etch & Prime
3.0, Optibond Solo, Prime & Bond NT, Scotchbond 1, and Syntac Sprint, test specimens were prepared according to the manufacturers® instructions
and transferred into a culture medium. Eluates were obtained and pipetted onto fibroblast cultures, incubated, and subsequently stained. The
respective cell densities and the numbers of normal, altered, and dead cells were determined and compared with control cell cultures. Statistical
analysis of the data showed that all materials caused cytotoxic effects. Scotchbond 1 displayed the highest number of dead cells. The difference was
statistically significant compared to Etch” 3.0, Optibond Solo, Prime&Bond NT, and the control. The lowest cell density was found for Scotchbond 1
and Ariston Liner. The difference was also statistically significant in comparison with Etch” 3.0, Optibond Solo, Prime&Baond NT, and the control. To
conclude, all tested dentin adhesives caused cytotoxic reactions. Taking the limitations of an in vitro experiment into consideration, Prime&Bond NT,
Optibond Solo, and Etch” 3.0 appear to be the most recommendable products, and Scotchbond 1 and Ariston Liner the least.
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Ingredient

Loncentration | LAS Number | aymbolBisk  [UsHA PEL] LD350
Eange Classzificaton (mgm3) mez'kz,
(%a) rat/oral)

Portland Cement Type IIL <50. 63997-13-1. | XiR36/38/43. 5. ND.
Polyethlene glycol dimethacrylate <30, 25852-47-5. | XiR36/38/43. N/D. ND.
Barium zirconate =10. 12009-21-1 3. : 420.




Bases and Liners- Dycal and
Vitrebond

SEM Evaluation of Internal Adaptation of Bases and Liners
under Composite Restorations

Dimitrios Dionysopoulos * and Eugenia Koliniotou-Koumpia

Department of Operative Dentistry, School of Dentistry, Aristotle University of Thessaloniki,
Thessaloniki 54124, Greece: E-Mail: jeny(@dent.auth.gr

Table 1.The materials tested in the present study.

Material Manufacturer Type
Dycal Dentsply. Culk, USA Calcium hyvdroxide liner
Vitrebond 3M ESPE. St. Paul. MN, USA Resin-modified glass ionomer cement
One-step self-etch
adhesive system
Clearfil Majesty Kuraray. Japan Nanohybrid composite resin

Clearfil Tri-S Bond Kuraray. Japan




Bases and Liners- Dycal and
Vitrebond

Materials

Dentin- Clearfil Tri-S Bond + Clearfil Majesty

Dentin- Dycal + Clearfil Tri-S Bond + Clearfil Majesty

Dentin- Dycal + Vitrebond + Clearfil Tri-S Bond + Clearfil Majesty

Dentin- Vitrebond + Clearfil Tri-S Bond + Clearfil Majesty

Dentin- Clearfil Tri-S Bond + Vitrebond + Clearfil Majesty

Dentin- Clearfil Tri-S Bond + Vitrebond + Clearfil Tri-S Bond + Clearfil Majesty

Materials Mean gap width (pm)
Dycal—Clearfil Tri-S Bond + Clearfil Majesty
Dycal—Vitrebond + Clearfil Tri-S Bond + Clearfil Majesty
Vitrebond—Clearfil Tri-S Bond + Clearfil Majesty
Clearfil Tri-S Bond + Vitrebond— Clearfil Majesty -* 21.6 +8.6°
Clearfil Tri-S Bond + Vitrebond— Clearfil Tri-S Bond + Clearfil Majesty 53+24°




Figure 5. Representative SEM photomicrograph of a Group 4 specimen. The arrows

indicate microgap between resin-modified glass ionomer cement (Vitremer) and dentin.
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TheraCal LC 70N |ADR

International Association
for Dental Research

IADR 2011 Abstract #2520 Gandolfi et al.
Apatite-forming ability of TheraCal pulp capping material

IJADR 2011 Abstract #2521 Gandolfi et al.
Chemical-physical properties of TheraCal pulp capping
material
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IADR 2011 Abst. #2520 Gandolfi et al.
Apatite-forming ability of TheraCal pulp-capping
material

'of apatite and representsa promising material in direct |
| pulp-capping clinical procedures The ability to form |
' apatite may play a critical/positive role in new dentine |
formatlon




Ca*? lon Release (ppm)

3 hrs 1 day 3 days 7 days 14 days 28 days
TheraCal |74.7(9.2) |37.4(45) 252(6.5) |24.6(2.0) |24.1(1.1) | 19.6(3.1)
Control 1.2 (0.3) 0.5 (0.4) 0.6 (0.4) 0.6 (0.4) 0.6 (0.4) 0.6 (0.4)
ProRoot 32.2(45) 29.8(35) |354(23) |245(3.9) 14327 | 16.1(2.9)

IADR 2011 Abst. #2521 Gandolfi et al.
~ pHof  Soaking Water  (n=10) |

3 hrs 1 day 3 days 7 days 14 days 28 days
TheraCal 10.96 (0.03) | 10.19 (0.24) | 9.28 (0.41) | 8.32(0.06) | 8.63 (0.15) | 8.04 (0.18)
Control 6.96 (0.19) = 7.23(0.25) 7.24(0.13) | 7.25(0.25) | 7.27 (0.25)  7.20 (0.12)
ProRoot 11.52 (0.75) | 10.91 (0.13) | 11.52 (0.41) | 11.25 (0.82) | 7.84 (0.13) | 8.25 (0.24)
Water 6.88 (0.04) | 7.00(0.02) | 7.07 (0.09) 7.10(0.1) | 6.96 (0.06) | 7.22 (0.12)




International Endodontic Journal [}

doi:10.1111/j.1365-2591.2012.02013.x

Chemical-physical properties of TheraCal, a novel
light-curable MITA-like material for pulp capping

M. G. Gandolfi, F. Siboni & C. Prati

Laboratory of Biomaterials and Oral Pathology, Department of Odontostomatological Sciences, University of Bologna, Bologna,
Italy

Abstract surrounding fluid initially to pH 10-11 (3 h-3 days)
and subsequently to pH 8-8.5 (7-14 days). TheraCal

Gandolfi MG, Siboni F, Prati C. Chemical-physical - s A - =
andofi toont rati s g had a cure depth of 1.7 mm. The solubility of

ties of TheraCal, a novel light-curable MTA-like material for pulp & i 2 ~nREIE
g TheraCal (A -1.58%) was low and significantly less

than that of Dycal (A —4.58%) and ProRoot MTA (A
Aim To evaluate the chemical-physical properties of —18.34%). The amount of water absorbed by Thera-
TheraCal, a new light-curable pulp-capping material Cal (A +10.42%) was significantly higher than Dycal
composed of resin and calcium silicate (Portl

capping. International Endodontic Journal.

cement), compared with reference pulp-capping ma Conclusions FheraCal dlS[)lﬂ_VCd lngher calcium-
rials (ProRoot MTA and Dycal). releasing ability and lower solubility than either

Methodology Calcium (Ca) and hydroxyl (OH) i e e TR L <
release over 28 days, solubility and water uptdd EFOR00t MTA or Dycal. The capability of TheraCal to

(weight percentage variation, A%) at 24 h, cure deff he cured to a depth of 1.7 mm may avoid the risk of
and radiopacity of TheraCal, ProRoot MTA and Dy d | _ Rar . )
were evaluated. Statistical analysis (P < 0.05) juntimely dissolution. These properties offer major

release of ion was carried out b_\' two-way repea ad\'ralltages ill direct pulp_capl)illg treatlllel]ts.
measures ANOVA with Tukey, whilst one-way ANo

with Tukey test was used for the other tests.

Results TheraCal released significantly more cal-
cium than ProRoot MTA and Dycal throughout the
test period. TheraCal was able to alkalinize the Received 14 July 2011; accepted 29 December 2011

aiciu yaroxidae, pycdl, F RO VITA, §i ap

ping materials, resin-modified calcium silicate, Ther-
aCal.




ocompatiilty of Dental Materil

Cytotoxic Effects of Resin-Based L/C Pulp Capping Materials
Applied on the Immortalized Ocontoblast Cel Line MDPC-3




Materials

1. TheraCal (Bisco)i MTA (fAPortl ang?o

based resin

2. Ultra-Blend Plus (UltraDent) T Ca (OH),
based resin

3. Vitrebond (SM/ESPE) I Resin modified glass
lonomer

4. DMEM( Dul beccoos Modi fii 4d
Control (complete culture medium)




TheraCal presented the |owest decrease
In cell metabolic activity

0.6 -

0.5 1

0.4 - 024 hours

0.3 -
M 7 days
0.2 -

Theracal Vitrebond Ultra-Blend Control

=
|_
2
c
9
0
-]
©
=
o
I
0
n

Figure 1. Succinic dehydrogenase (SDH) production detected by the MTT
assay according to the groups and extract aging. Letters allow comparison
among groups within the same period. Bars indicated by the same letter do
not differ statistically (Mann-Whitney, p>0.05). Asterisks indicate statistical
difference between periods within the groups (Mann-Whitney, p<0.05).




TheraCal presented the |owest suppression

of cell protein expression
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Theracal Vitrebond Ultra-Blend Control

Figure 2. Total protein expression (¢ ¢gmL) according to the groups and
extract aging. Letters allow comparison among groups within the same
period. Bars indicated by the same letter do not differ statistically (Mann-
Whitney, p>0.05). Asterisks indicate statistical difference between periods
within the groups (Mann-Whitney, p<0.05).
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Materials and Methods
(cont.)

Each gquadrant was randomly assigned to one of
four treatment groups;

(Group A), was applied to the
pulpal tissue and light cured for 15 seconds

(Group B), mixed with a
2% chlorhexidine solution and applied

(Group C),
mixed in capsule and injected

(Group D), applied and
light cured

The pulp capping bases were then covered with
a RMGI (Fuji Il LC GC America).




Results:

ATheraCal
LC

Very little if any
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and good
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http://pinker.wjh.harvard.edu/photos/cambridge_boston/pages/white blossoms backlit.htm
http://pinker.wjh.harvard.edu/photos/cambridge_boston/pages/white blossoms backlit.htm
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Results

Very poor dentin bridging

Some
Inflammatory infiltrate and

vacuoles




A Hard Tissue Bridge
Thickness
I TheraCal and

Portland average the
same thickness

I Glass lonomer and
VLC Dycal average
less than a fifth as

thick as TheraCal
Material | TheraCal | GIC PG Dycal
Average [50.27¢€ 10.72¢ 60.72¢ 10.90¢




'\\m&\\\.&al‘\g&\_ Sa

Measured thickness of the
hard tissue bridges with the
pure Portland and TheraCal
groups statistically greater

than that of the other two
groups (H=15.849 with 3
degrees of freedom, P=0.002).

J Sections measured at J different areas



A MicroCT

ReSUItS: A Light cured

Primate Pulpal Healing after Exposure and TheraCal Application

— Cannon M*/ Gerodias N**/ Vieira A***/ Percinoto C****/ Jurado R*=***

Aim: The purpose of this in vive study was to compare the gffectivenass of a new light cured res
drmfﬂum ‘ricalcium silicate pulp capping material (TheraCal LC, Bisco), pure Portland cement, v

) omer in the healing af bacterially contaminated primate pulps. Smdy design:
w ? TIEn Tt Fegquir r P = each having 12 teeth preparsd with buccal penstrations inte the pulpal

sz with an exposure of approximarely 1.0 mm. The exposed pulpsz of the primate teeth were covered with

cotton pellets soaked in a bactsrial mixture consisting gj ganizms wormall d in humar pulpal

abscezses. Afier ve ol of the pellei, ke i5 W ined and the pulp capping agenis applied. The light

s red rasin be I was applied to the pulpal tiszue of welve teath with

- a mesdle tip 5 : d light cured j J seconds. e Portla 7 mixed with a 2% Chlorhexidine

..r.-fr.r‘?r.-u wias ed o ¢ exposed pulpal tizzues of another : teeth. Twelve additional tseth had a

) ] d a pulp eap with FLC DYCAL

™ r:|1dn:rnde resin based marerial. The pulp capping bazes were then covered

\ with a RJ-!L r; wii I LT GC America). The tizsue samples were collected at 4 weeks. The samples were
deminerilized, sectioned, stained and hiziologically graded. Resu

8 differ m the groups in regard to pulpal imflammation | 7 .0a). ever, both the

Pﬂr‘ﬁmd cement and light cured TheraCal LT groups had signi Fy hard rtizsus Erﬂ':fﬂt"

greater with the GIC groug n the T - pTE : rach .I‘n-m'h-ﬂ‘ ace :rh.i: g'. : profocels were

analyzed with a micr ‘ e. The premolar treated with the light cured TheraCal L : rated a

complete hard tissue bridge. The premolar treated with the GIC did not shew a cemplete hard tizsue bridge

while the premolar treated with FLC Dyveal had an incomplete bridee. The pure Portland with Chlorhexidine
xfure created extensive hard rissue bridging.

Conclusion: L reated denti
cap

ctaria, _p!'.l]'i‘l-ﬂ'.fh

The Jowmal of Clinical Pediamic Dentistry  Voheme 38, NMumber 42014

Bridge



Yongsel Dog Study

Basic Research—Technology

Comparative Study of Pulpal Responses to Pulpotomy with

ProRoot MTA, RetroMTA, and TheraCal in Dogs’ Teeth

Haewon Lee, DDS, " Yooseok Shin, DDS, PbD, " Seong-Ob Kim, DDS, PhD,
Hyo-Seol Lee, DDS, PhD, Hyung-Jun Choi, DDS, PhD,” and Je Seon Song, PhiD*

This study was conducted
to evaluate and compare
pulpal responses to
ProRoot MTA (Dentsply
Tulsa Dental, Tulsa, OK),
RetroMTA (BIioMTA,
Seoul, Korea), and
TheraCal (Bisco Inc,
Schamburg, IL) in dog

partial pulpotomy models.

Beagle, Male, 6 years

Bites toothbrush

Not possible to brush his teeth
Gum disease is present now

s M-mmn a after xylazine sga.uon Y &
Dental scaling to be done A s
toapayohvets.com Jul 5, 2009




Yongsel Dog Study
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Retrieval Studies! TheraCal LC

Hyvper-mineralized zone




Retrieval Studies! Pulpotomy







Failed Amalgam i painful, cracked |
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A Constant
sensitivity to .
cold and hot-

A Spontaneous
pain
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Failed Amalgam 1 painful, cracked

A Bleu Cheese Dycal- soft, recurrent caries,
stained marglns amalgam flles out
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Failed Amalgam 1 painful, cracked

A Dycal and underlying carious dentin
removed, mlcroleakage staln left for photo




Failled Amalgam 1 painful, cracked

A TheraCal DC placed after etching, light

cured for 20 seconds (but dual cure, base)
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Cell growth compared to control
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Pulp Capping Materials




Completed
Restoration

A Molar resto
ALLBOND
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Calcium Fluoride- insoluble

AFDA- cannot have
bloactive calcium
and fluoride In a
water based
toothpaste

AMI Paste Plus-
from GC- has
virtually NO water




Calcium Fluoride- insoluble

A Objectives: The aim of
this in vitro study was to
evaluate the effects of
overlaying RMGI £t 7 heracai
(Vitrebond Plus, 3M @y < "
Oral) on the calcium
release of resin-modified
calcium silicate
(TheraCal LC) and bond
strength between
TheraCal LC (Bisco) and
resin composite (Reveal
Bulk, Bisco).




Calcium Fluoride- insoluble

Material and Methods: For calcium release study, fully cured
TheraCal LC disks were prepared (2-cm-diameter and 0.1-cm-
high). One side of TheraCal LC disk was covered by other
materials (as shown in Table 1). Disks were then stored in 20m|
of deionized water at 37°C. Release of ions was measured on
Orion Model 710A+ after 1 day, 3 days and 7 days with new
deionized water being replenished after each test. For shear
bond strength study, fully cured TheraCal disks (6mm-
diameter, 3mm-height) was bonded with resin composite as
shown in Table 1 (group 1 and 2), by using notched-edge
shear bond strength test method (ISO 29022:2013). The
specimens were then stored in 37°C-water/24-hours before
breaking by Instron tester (crosshead-speed 1mm/min). The data
were analyzed statistically by one-way ANOVA and Student-t
Tests.




Calcium Fluoride- insoluble

Conclusion: The overlaying
|RMGI reduced the calcium

"JAnd why do Dental

Cal

= Schools teach
jeverything wrong?? |~

for Dycal!!l!

|Salne row (P<u.uo).




Non-permeable Hydrophobic Adhesive
Calcium Release of TheraCal Discs
with and without Adhesive Coating

Cqug/cm?) Percentage

284.2(0.0)
Percentage of Calcium Leaked from TheraCal
Coated with Different Adhesives Contr0| d 1000%

79.6(23.8)
OneStep C 28.0%

31.2(15.5)
AB3 b 11.0%

44.9(16.4)
ABSE b 15.8%

One-Step | AB3 | ABSE Au_Bom UW ALLBGHD unm
Coating Adhesive 57 (20) a 20%

TheraCal (a calcium-release pulp capping material) disks was coated with different adhesives.
Calcium release was measured after TheraCal discs were immersed in 37°C-DI water for 1 day.

50
£O

Leaking %




Shear bond strengthjycatRMGI): 0.@0.0 Mpa the MUSH zone!!
Majority of Failure ModesAdhesive failure betweerDycaI& Vitrebond

N e A R R L A 02, 2005
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Shear bond strength (TheraG&lomposite): 15.84.1MPa
Majority of Failure ModesSubstrateTheraCal Broken




Dental Materials Journal 2016; 35(6): 881-887

Shear bond strength of a novel light cured calcium silicate based-cement to

resin composite using different adhesive systems
Hanan ALZRAIKAT', Nessrin A. TAHA', Deema QASRAWI' and Michael F. BURROW?

' Department of Conservative Dentistry, Jordan University of Science and Technology, P.O.Box 3030, Irbid 22110, Jordan
2 Chair of Biomaterials, Melbourne Dental School, The University of Melbourne, 720 Swanston Street, Victoria 3010, Australia
Corresponding author, Hanan ALZRAIKAT; E-mail: hjsa@)just.edu.jo

TheraCal LC

displayed the highest SBS (p<0.001). MTA bonded
with the 1-step self-etch adhesive showed the
lowest SBS (p<0.001), while SBS of TheraCal LC
and Fuji IX did not differ between either adhesive
(p>0.05). TheraCal LC is the preferred choice in

pulp capping procedures when using resin
composite restorations.
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Conclusions
MTA interacts with other dental materials with
resultant elemental migration in adjacent
materials. Zinc oxide eugenol based cements
should be avoided in the presence of MTA as
zinc causes retardation of cement hydration
with increased porosity. Glass ionomer
cements absorb the water of hydration from

| the MTA also resulting in increased porosity (e
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Important Concepts:

‘There Al nND tSuch Thing As A Free Lunch

b Success.
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S Yoo ol |Bond strength of different
& restorative materials to light-

I\Illf'f\hlf\ minnv‘f\l 'l-v';n\/;nlr\

RESULTS:
The analysis of variance that compared the experimental groups
| revealed the presence of significant differences among the groups (P <
{ 0.001). The highest (19.3 MPa) and the lowest (3.4 MPa) bond
strength value were recorded for the MB composite-TheraCal and
the GIC-TheraCal, respectively. There were significant differences in

S bond strength between the TheraCal and the MTA groups for the MB
composite subgroup (P < 0.001) and the SB composite subgroup (P <
3] 0.05); however, there was no significant difference in bond strength for

the GIC subgroup (P m 0.05).

CONCLUSIONS:

The results from this in vitro study suggest that the new pulp capping
sl material, known as light-curable MTA, showed clinically acceptable
o and higher shear bond scores compared to MTA when used with the

MB composite.
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Figure 3. Transverse demineralized section of a non-erupted
human deciduous incisor tooth showing dentinal wbule holes
(small arrow), giant tubules (large arrow), and interglobular
dentin (*). Picrosirius. Original magnification: 250X.
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