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Agenda- Pediatric Updates

ÅBioactive- enhance the formation of 

apatite in simulated body fluid

ÅBiointeractive- release of ions that 

enhance re-mineralization

ÅBulk Fill-

ïDual cure materials- can be Bioactive or 

Biointeractive

ïSelf cure- biointeractive

ïLight cured- low refraction of light, currently 

not bioactive nor biointeractive



Biologic Materials 

for Pulpal Vitality 

ÅIndirect  Pulpal Therapy

ÅDirect Pulpal Therapy

ÅPulpotomy

ÅPulpectomy

ÅTrauma



New Biologic Materials for 

Pulpal Vitality
Research and Clinical Protocols



Where does calcium silicate 

come from?
ÅCalcium silicate is a white free-flowing powder derived from 

limestone and diatomaceous earth. It has a low bulk 

density and high physical water absorption. It is used in 

roads, insulation, bricks, roof tiles, table salt and occurs in 

cements, where it is known as belite (or in cement chemist 

notation C2S).

ÅIt is used as an anti-caking agent in food preparation and 

an antacid. It is approved by the United Nations' FAO and 

WHO bodies as a safe food additive in a large variety of 

products. Wikipedia



Biologic Materials

ÅMTA

ÅBiodentine

ÅLime Lite

ÅNeoMTA

ÅTheraCal LC and DC



Biologic Materials

ÅMTA- the original, Portland cement type 

ASTM I from the California Portland 

Cement company.

ÅSlow set, grey color, mixed with water, 

very expensive and difficult to place or 

control. 

ÅReplaced by white MTA- Type III?



Biologic Materials

ÅBiodentine
ÅSets in 10 - 12 minutes

ÅVersatile usage: endodontic repair and restorative 

procedures.

ÅNatural micro mechanical anchorage for excellent sealing 

properties without surface preparation.

ÅSimilar mechanical properties and mechanical behavior as 

human dentin.

Å3.5mm Aluminum radiopacity for easy short and long term 

follow-up.



Biologic Materials

ÅNeoMTA
ÅNeoMTA PlusÊ is a stainproof, tricalcium silicate-based 

bioactive cement that can be used universally for vital 

pulp and other endodontic indications in primary and 

permanent teeth. 

ÅNeoMTA PlusÊ is a bioceramic cement that triggers the 

healing process. With NeoMTA PlusÊ, general dentists, 

pediatric dentists, and endodontists now have a superior 

and reasonably priced bioceramic. 



the  innovative light- curable  Calcium 
Silicate- based pulp- capping material









Ability to Sustain Alkalinity 

Over Time

TheraCal A B C Dycal Dycal VLC Room Stability

(No separation)

Day pH pH pH pH pH

1 11.21 10.911 11.288 11.67 8.599 OK

28 9.36 8.606 9.667 10.24- 8.44 OK

112 9.21 (Crumbled) 7.50 OK

160 8.88 OK

204 8.71 OK

490 8.75

686 7.95 7.90 OK



Bases and Liners- Dycal and 

Vitrebond



Bases and Liners- Dycal and 

Vitrebond



Bases and Liners- Dycal and 

Vitrebond

ñMind The Gapò



Configuration Factor, C-Factor



TheraCal LC

IADR 2011 Abstract #2520 Gandolfi et al.

Apatite-forming ability of TheraCal pulp capping material

IADR 2011 Abstract #2521 Gandolfi et al.

Chemical-physical properties of TheraCal pulp capping 

material



24 h TheraCal 28 days TheraCal

Conclusions: TheraCalwas able to inducethe formation
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
formation.

IADR 2011 Abst. #2520 Gandolfi et al.

Apatite-forming ability of TheraCal pulp-capping 

material



Ca+2 Ion Release (ppm)

Calcium Released In Soaking Water (ppm) (n=10)

3 hrs 1 day 3 days 7 days 14 days 28 days

TheraCal 74.7 (9.2) 37.4 (4.5) 25.2 (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 (4.5) 29.8 (3.5) 35.4 (2.3) 24.5 (3.9) 14.3 (2.7) 16.1 (2.9)

pH changes

pH of 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)

IADR 2011 Abst. #2521 Gandolfi et al.





Araraquara School of Dentistry ïUNESP

Department of Physiology and Pathology



Materials

1. TheraCal (Bisco) ïMTA (ñPortlandò Cement) 
based resin

2. Ultra-Blend Plus (UltraDent) ïCa (OH)2

based resin

3. Vitrebond (3M/ESPE) ïResin modified  glass 
ionomer

4. DMEM (Dulbeccoôs Modified Eagle Medium) ï
Control (complete culture medium)
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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).

Cell Metabolic Activity

TheraCal presented the lowest decrease 
in cell metabolic activity
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Figure 2. Total protein expression (ɛg/mL) 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).

Total Protein ExpressionTheraCal presented the lowest suppression 
of cell protein expression



Numerous 

Studies



Materials and Methods 

(cont.)
Each quadrant was randomly assigned to one of 

four treatment groups; 

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

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

(Group C), Triage, Fuji VII (GC America)
mixed in capsule and injected

(Group D), VLC Dycal (Dentsply) applied and 
light cured 

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



Results:
ÅTheraCal

LC

Sectioning

artifact

Very little if any 

inflammation 

and good 

hard tissue 

bridge 

formation

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


Results:

ÅGlass 

Ionomer 

Cement

Some bridging
Inflammatory 

cells



Results: ÅVisible Light Cured 

Dycal

Very poor dentin bridging
Some 

Inflammatory infiltrate and
vacuoles



Results:

ÅHard Tissue Bridge 

Thickness

ïTheraCal and 

Portland average the 

same thickness

ïGlass Ionomer and 

VLC Dycal average 

less than a fifth as 

thick as TheraCal

Material TheraCal GIC PC Dycal

Average 50.27ɛ 10.72ɛ 60.72ɛ 10.90ɛ



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).



Results:
ÅMicroCT

ÅLight cured 

ÅTheraCal

RMGI

TheraCal 

LC

Dentin 

Bridge



Yongsei Dog Study

This study was conducted 

to evaluate and compare 

pulpal responses to 

ProRoot MTA (Dentsply 

Tulsa Dental, Tulsa, OK), 

RetroMTA (BioMTA, 

Seoul, Korea), and 

TheraCal (Bisco Inc, 

Schamburg, IL) in dog

partial pulpotomy models.



Yongsei Dog Study
Complete calcific barrier 

formation was observed in 

33% of the TheraCal

specimens. Mild tubule 

formation was observed in 

75% of the specimens. The 

TheraCal dental pulp exhibited 

mild (45%) to moderate (18%) 

inflammation, with 90% showing 

mild dental pulp congestion. The 

palisading pattern of the 

odontoblastic cell layer was 

visible in only 9% of the 

specimens, with 36% showing 

odontoblasts and odontoblastlike

cells.

Inverse-square law

The inverse-square law, in physics, 

is any physical law stating that a 

specified physical quantity or 

intensity is inversely proportional to 

the square of the distance from the 

source of that physical quantity. 



Yongsei Dog Study

ñThe conflicting results between this study and the previous in 

vivo study concerning TheraCal could be caused by limitations 

in the pulpotomy experimental design. The previous in vivo 

study by Cannon et al (16) used pulp capping models in 

primate teeth, with better access of the curing light. Our 

study was based on partial pulpotomy models in dogsô teeth, 

inevitably with more difficulty in complete curing of the material. 

The uncured monomer contents leach into the pulp and 

dentinal tubules and have cytotoxic effects on pulpal cells (32, 

35, 36). In our study, the prominent tubules that were present 

within the newly formed calcific barriers in teeth treated with 

TheraCal could have also been the result of exposure to 

leaching of the uncured monomer contents.ò



Retrieval Studies! TheraCal LC

Pulp 

exposure

TheraCal LC

Hyper-mineralized zone



Retrieval Studies! Pulpotomy





Failed Amalgam ïpainful, cracked

ÅConstant 

sensitivity to 

cold and hot-

ÅSpontaneous 

pain

ÅCanôt eat



Failed Amalgam ïpainful, cracked
ÅBleu Cheese Dycal- soft, recurrent caries, 

stained margins, amalgam flies out



Failed Amalgam ïpainful, cracked

ÅDycal and underlying carious dentin 

removed, microleakage stain left for photo



Failed Amalgam ïpainful, cracked
ÅTheraCal DC placed after etching, light 

cured for 20 seconds (but dual cure, base)



TheraCal exp

ÅIndications:

ïPulpotomy

ïPulp capping

ïBase

ïLiner

ïDentin replacement

ïTemporary filling

ïTherapeutic re-mineralization

Effects of Novel TheraCal Formulation Extracts on OD21 Cells 

Yantong Wang, Satin Salehi, John C. Mitchell, Byoung In Suh

Objectives: The purpose of this study was to evaluate the effect of three novel 

pulp capping compounds on the growth of immortalized murine pulp cells (OD-21). 

Methods: Light-cured discs (D=10mm x 1mm) of TheraCal LC (LC), TheraCal DC 

(Experimental mixture DC) and TheraBag65 LC (Experimental mixture TB3) (N=4 

each) were soaked in Dulbecco's Modified Eagle Medium (DMEM) for 4 days at 

37°C. The discs were removed and the extraction solution was filtered and 

supplemented with 10% Fetal Bovine Serum. OD-21 cells were placed into 24-well 

culture plates at 10Kcells/well and allowed to grow for 24 hours in control media at 

37°C 5% CO2. Wells (N=5each) were treated once (24 hours), or twice (24 and 48 

hours) with extract media and followed over a four day period for the once-treated 

group, or over three days for the twice-treated group. Cells grown in standard Ŭ-

MEM with FBS were used as a control. Cell growth/number was assessed by 

culturing the cells for 1 hour daily in 10% AlamarBlue media and measuring the 

metabolic product using a fluorescent microplate reader. Percentages of control 

fluorescence were compared using ANOVA with Ŭ=0.05. 

Results: The cell growth/number (standard deviations) after one and two 

treatments are shown in the figures below. Differences were examined by ANOVA 

with Ŭ=0.05. 

Conclusions: At every time point, cell survival following the first treatment with all 

three materials tested, were all similar and greater than 80%. The Day3 cell 

survival rate following the second treatments showed differences between 

materials, with DC and TB superior to LC, however by day 4, only DC remained 

significantly different from the other two materials. All three materials tested 

were not detrimental to OD21 cells. 



Completed 

Restoration

ÅMolar restored, 

ALLBOND 

Universal and 

Activa

Restorative,

ÅOcclusion 

adjusted, slightly 

into cuspal

contact due to 

STA



Calcium Fluoride- insoluble

ÅFDA- cannot have 

bioactive calcium 

and fluoride in a 

water based 

toothpaste

ÅMI Paste Plus-

from GC- has 

virtually NO water



Calcium Fluoride- insoluble

ÅObjectives: The aim of 

this in vitro study was to 

evaluate the effects of 

overlaying RMGI 

(Vitrebond Plus, 3M 

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 20ml 

of deionized water at 37ºC. 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 37ºC-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

Results: Table 1. Mean shear bond strength (n=5) between 

TheraCal and composite in MPa (standard deviation) and 

mean calcium release (µg/cm2) (n=3) of TheraCal. Means 

with different letters (a, b) are statistically different in the 

same row (p<0.05). 

Group 1 2 3 

    

Techniques* TheraCal  

-AllBond Universal 

-Reveal Bulk 

TheraCal 

-Vitrebond 

-AllBond Universal 

-Reveal Bulk 

TheraCal  

-Vitrebond 

Shear bond strength 20.9(3.1)a 16.5(4.1)a N/A 

Calcium-release(day 1) 208.6(39.8)a 143.1(12.5)a 27.5(1.1)b 

Calcium-release(day 3) 207.9(25.7)a 157.6(37.3)a 66.5(5.1)b 

Calcium-release(day 7) 245.0(26.9)a 181.5(26.3)b 106.9(11.7)c 

 

Conclusion: The overlaying 

RMGI reduced the calcium 

release of TheraCal. 

This would also be true 

for Dycal!!!!

And why do Dental 

Schools teach 

everything wrong??



ALLBOND UNIVERSAL:

Non-permeable Hydrophobic Adhesive

Ca(ug/cm2) Percentage 

Control
284.2 (0.0) 

d 100.0%

One-Step
79.6(23.8) 

c 28.0%

AB3
31.2(15.5) 

b 11.0%

ABSE
44.9(16.4) 

b 15.8%

AllBond 
Universal 5.7 (2.0) a 2.0%

Calcium Release of TheraCal Discs 

with and without Adhesive Coating

TheraCal (a calcium-release pulp capping material) disks  was coated with different adhesives. 

Calcium release was measured after TheraCal discs were immersed in 37ºC-DI water for 1 day. 

Percentage of Calcium Leaked from TheraCal 

Coated with Different Adhesives
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Dycal

Composite

Adhesive

VitreBond

Gap

Hybrid layer??

1
Shear bond strength (Dycal-RMGI): 0.0±0.0 Mpa the MUSH zone!!
Majority of Failure Modes:Adhesive failure between Dycal& Vitrebond

MUSH ZONE



Dycal Composite

Adhesive

2

Shear bond strength (Dycal-Composite): 4.5±1.3 MPa
Majority of Failure Modes:Substrate-DycalBroken



TheraCal Composite

Adhesive

3

Shear bond strength (TheraCal-Composite): 15.0±4.1MPa
Majority of Failure Modes:Substrate-TheraCal Broken



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.



Objective. Many dental materials are used in contact 

with each other in sandwich techniques. Liners, bases 

and permanent restorative materials are placed 

adjacent to each other and allowed to set under the 

same conditions.

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 

and incomplete hydration of MTA.



There AinôtNo Such Thing As A Free Lunch

Must balance everything- what is most important?

Bioactivity versus Stability

Resorbability versus Dissolvability

Calcium release versus Mechanical strength



Bond strength of different 

restorative materials to light-

curable mineral trioxide 

aggregate

Cantekin K.

STUDY DESIGN:

A total of 90 acrylic blocks were prepared. Each of the blocks were prepared as 15 

mm high and 10 mm diameter and the blocks had a 2 mm high and a 5 mm 

diameter central hole. In 45 of the samples, the holes were fully filled with 

TheraCal and in the other 45 samples, the holes were fully filled with MTA. The 

TheraCal and the MTA samples were randomly divided into 3 subgroups of 15 

specimens each: Group-1: Methacrylate-based (MB) composite; Group-2: 

Silorane-based (SB) composite; and Group-3: Glass-ionomer cement (GIC). 

For the shear bond strength (SBS) test, each block was secured in a universal 

testing machine. After the SBS test, the fractured surfaces were examined under a 

stereomicroscope at ×25 magnification.

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 

bond strength between the TheraCal and the MTA groups for the MB 

composite subgroup (P < 0.001) and the SB composite subgroup (P < 

0.05); however, there was no significant difference in bond strength for 

the GIC subgroup (P ḿ0.05).

CONCLUSIONS: 
The results from this in vitro study suggest that the new pulp capping 

material, known as light-curable MTA, showed clinically acceptable 

and higher shear bond scores compared to MTA when used with the 

MB composite.



DIAGNOdent

reading of 68

Odd 

radiolucency 

on radiograph



ñGiant 

tubular 

dentinò 

defect in 

mesial 

fossa



Selective etching 

of enamel for 30 

seconds followed 

by application of 

semi-gel to dentin 

for 3 seconds



TheraCal DC placed 

on affected dentin 

for re-mineralization



Light cure for 

20 seconds 

with at least 

500 

milliwatts/cm2



ALLBond

Universal  

exp applied 

to 

preparation 

creates 

glossy 

appearance 

to TheraCal

exp



Light cure for 

ten seconds at 

500 

milliwatts/cm2



Liner/base 

placed

Dentin 

replacement 

-biomemetic

-bioactive

-biofunctional





Non- Alkaline, No Ca release



RMGI- Fuji II LC acid/base



Apples and Oranges


