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Recently, several studies attempted to improve biological property of glass ionomer
cement (GIC) by adding some bioactive ceramics to glass ionomer cement but their results
were unclear. Monocalcium silicate (CS) is one of new bioceramics material which can rapidly
induce hydroxyapatite crystals on its surface. Therefore, adding CS to GIC could promote
biological property of GIC. The purpose of this study was to compare bioactivity and
biocompatibility of GIC added with CS in three different ratios to glass ionomer cement and
MTA. Twenty discs of mixture of GIC with 10%, 30% and 50% w/w CS, GIC and MTA were
fabricated. Fifteen discs were immersed in simulated body fluid (SBF) for 7, 14, and 28 days.
The remaining discs were kept in room temperature. All of samples were analysed under SEM,
XRD and XRF to investigate the crystallization and elemental composition of sample surfaces. A
total of 0.02 g of each group was seeded in 1 mL of cell culture media. The solution over the
mould was used to evaluate cell viability by MTT assay. The results showed that consistent
crystals grow on the surface of 50%CS-GIC and MTA which presented Ca/P ratio close to 1.67,
theoretical value of hydroxyapatite. In case of MTT assay, it revealed that the more ratio of CS
inclusion was added, the more cell viability increased. In conclusion, the inclusion of 50%CS

increased bioactivity and biocompatibility of GIC.
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CHAPTER 1

INTRODUCTION

Background of present study

Since 1990s, Mineral trioxide aggregate or MTA has gained wide acceptance in
endodontic practice including perforation repair, retrofilling, pulpotomy and apexification.m MTA
has been shown to have proper physical properties, superior biocompatibility and sealing
ability.(z'g) However, the drawbacks of MTA are relatively expensive, have long setting time and
exhibit difficult handling properties.w Consequently, the search for a new cement with reduced
setting time and good handling properties while having comparable biocompatibility and

mechanical properties as MTA is underway.

The main composition of MTA is tricalcium silicate and dicalcium silicate.” The
monophasic of either tricalcium silicate or dicalcium silicate has excellent in vitro bioactivity and
biocompatibility but it has still long setting time and low mechanical strength at the early stage
like MTA.®" The biphasic tricalcium silicate™ and dicalcium silicate™” exhibit improved
mechanical properties and bioactivity, and also reduced setting time. While these both types of
bioactive ceramic continue to be the object of research and interest as substituted materials of
MTA, monocalcium silicate has not been widely studied in dentistry. In fact, monocalcium
silicate is a highly bioactive glass that can form a hydroxyapatite surface layer on exposure to
simulated body fluid"™™ and also to human parotid saliva.“S)NevertheIess, monocalcium silicate

. . . 16
is brittle in nature.( )

Glass ionomer cement (GIC) was introduced to dental application more than 25 years
ago and has been shown to be a useful adjunct for restorative dentistry due to excellent

chemical diffusion-based adhesion to enamel and dentin(m, minimized microleakage, thermal



biocompatibility with tooth enamel and dentin® and fluoride release.”® The main composition
of GIC is calcium-alumino-silicate glass powder and an aqueous solution of an acrylic acid
homo- or copolymer.(zo) Each type of GICs has different formulations and properties so that
suitable for different clinical applications. Ketac™ Molar, one of the conventional GICs, was
proposed to be used in endodontic application including root canal perforation repair and root-
end filling materials. Costa et al*" found that Ketac™ Molar and Fuji IX™" GP were the least
cytotoxic to odontoblast cell line compared to other GICs. However, Vajrabhaya et al® showed
that Ketac'" Molar extracts diminished the amount of viable PDL cells more than that of white
ProRoot” MTA. The biocompatibility of white ProRoot” MTA can be observed from
hydroxyapatite formation on its surface(5'23), which is not found on that of GIC. Therefore, the
simplest way to improve the biological properties of GIC is adding a new material that could

improve bioactivity and biocompatibility to GIC.

Recently, several studies attempted to improve biological property of glass ionomer
cement (GIC) by adding some bioactive ceramics to glass ionomer cement but their results

25
) and

were controversial. Some papers resulted that mixture had better biological properties(24'
mechanical properties.[%] But other papers showed that bioactive GIC was difficult to be
bioactive.”"* Up to the present time, there is no report of the combination of GIC and
monocalcium silicate. It can be assumed that the combination of GIC and monocalcium silicate
may result in biologically improved mixture. Nevertheless, the optimal ratio of each composition
is still unknown. The aims of the present study were to investigate the in vitro bioactivity

[presence of apatite crystals on material’s surface when immersed in simulate body fluid (SBF)]

and biocompatibility of GIC containing 10%, 30% or 50% (w/w) monocalcium silicate.



Research question

Which ratio of monocalcium silicate (CS) when mixed with GIC results in the best

bioactivity and biocompatibility?
Research objectives

1. To examine the presence of the apatite crystals on the external surface of GIC-CS

mixtures (10%, 30%, 50% CS by weight) when immersed in SBF

2. To examine the biocompatibility of GIC-CS mixtures (10%, 30%, 50% CS by weight)

to PDL fibroblast cell compare with white ProRoot” MTA
Hypothesis

1. Null hypothesis (H,): the formation of apatite crystals on the external surface of GIC-
CS mixtures (10%, 30%, 50% CS by weight) is not different from that of white ProRoot” MTA
when immersed in SBF.
Alternative hypothesis (H,): the formation of apatite crystals on the external surface of
GIC-CS mixtures (10%, 30%, 50% CS by weight) is different from that of white ProRoot” MTA

when immersed in SBF.

2. Null hypothesis (H,): the percentage of PDL fibroblast cell vitality indirectly
contacted with GI-CS mixtures (10%, 30%, 50% CS by weight) is not different from that of white

ProRoot” MTA.

Alternative hypothesis (H,): the percentage of PDL fibroblast cell vitality indirectly
contacted with GI-CS mixtures (10%, 30%, 50% CS by weight) is different from that of white

ProRoot” MTA.



Field of research

To study the bioactivity of GIC-CS mixture by presence of apatite crystal on its surface
when immersed in SBF and to compare the biocompatibility of GIC-CS mixture and white

ProRoot™ MTA in PDL fibroblast cell by MTT assay
Keywords

Mineral trioxide aggregate, Glass ionomer cement, Monocalcium silicate, Simulated

body fluid, Periodontal ligament fibroblast cell, MTT assay
Research design
Laboratory experimental study
Limitations
This is an in vitro study which may not represent clinical situation.
Benefits

If these mixtures have the optimal biological properties equally or better than white
ProRoot” MTA, they have been further developed and used as the substitute material of white

ProRoot” MTA.



Chapter 2

Literature review

The development of dental materials in 19" century results in today numerous dental
cements possessing beneficially clinical application such as glass ionomer cement (GIC)
and mineral trioxide aggregate (MTA). At present, GIC is popular in the restorative dentistry,
mostly used for cavity lining, bases and filling materials. MTA is world-wide acknowledged
as multi-proposed endodontic use such as pulpotomy, apexification, root-end filling and root
perforation repair. In fact, they are made up from different chemical reactions which make

them have unique mechanical, physical and biological properties.
Mineral trioxide aggregate

Mineral trioxide aggregate (MTA), firstly was introduced by Dr.Torabinejad and his

(30

co-workers in 1993*” and patented in 1995. 'In 1998, Dentsply Tulsa Corporation
(Oklahoma, USA) manufactured commercial ProRoot' " MTA, which is grey in color and
composed of 75% type | Portland cement, 20% Bismuth oxide for radiopacity and 5%
gypsum.m The type | Portland cement commonly contains 4 major components that are
tricalcium silicate (Ca,SiO,), dicalcium silicate (Ca,SiO,)[4], tricalcium aluminate (Ca,Al,Oy),
and tetracalcium aluminoferrite (Ca4A|FeO5).(32) In order to minimize tooth discoloration effect
from grey ProRoot™ MTA, white ProRoot™ MTA was developed by elimination of ferrite
phase from all Components.m 34) Many authors attempted to precisely evaluate the chemical

composition and crystalline structure of ProRoot™" MTA powder. The details of these

published papers are shown in Table 1.



Table 1 The composition and crystalline phase of white and grey ProRoot” MTA powder

Authors Comparative Instruments Results
WMTA powder GMTA powder
Asgary et al 2005 Quantitative Electron probe 44.23% CaO 40.45% CaO
microanalysis 21.20% SiO, 17.00% SiO,
16.13% Bi,O, 15.90% BI,0,
4.26% AlLO,
3.10% MgO
4.39% FeO
Camilleri et al 2005%” | Qualitative EDX analysis Ca, Si, Bi, O Ca, Si, Bi, O, Al, Fe
XRD analysis Ca,SiO,, Bi,O, Ca,Si0,, Ca,Sio,, Bi,O,
Song et al 2006 Quantitative | XRD analysis | 56.7% Bi,0, 58.8% Bi,0,
34.1% Ca,(Si0,)0 30.3% Ca,(Si0,)0
0.9% Mg,(PO), 2.3% Mg,(PO),
0.3% Cu,Si; 0,,.7H,0 5.3% CaCQO,
3.7% unknown 1.0% Ca,P,0,
0.9% CaCQO, 2.9% Ca,MgO. 2AIFeO.
1.6% Ca,P,0, 6Si0.20,
1.7% Ca,SiO,
EDX analysis Ca, Si, C, O, Mg, AL S,Bi | Ca, Si, C, O, Fe, Mg, Al, S,
Bi
Belio-Reyes et al Quantitative XRD analysis 19.8% Bi,0, N/A
2009"" 51.9% Ca,SiO,
23.2% Ca,SiO,
3.8% Ca,ALO,
1.3% CaSO,
EDX analysis O, Al Si, Bi, S, Ca N/A
with PIXE Fe, Ni, Cu, and Sr




Although MTA is mainly composed of Portland cement, the raw materials used for
ProRoot” MTA are specially purified more than that used for the usual Portland cement.™
Moreover, the aluminate phase, which acts as flux during the manufacture of the Portland
cement, was scarcely found in MTA. These indicate that ProRoot” MTA was very likely

manufactured in a laboratory rather than in a rotary kiln.®”

Tricalcium silicate is the most important phase that reacts very quickly with water
and can form 7 polymorphic crystalline phases which depend on temperature, composition
or impurities.m) The polymorphic crystalline phase is important because it has an influence
on cement strength.(‘H> Dicalcium silicate normally reacts slowly with water. As a
consequence, tricalcium silicate contributes to strength mainly up to 28 days, whereas
dicalcium silicate gives a further strength at later age.m) The tricalcium aluminate resulting
from the addition of alumina in the mixture introduced into the kiln helps reduce the burning
temperatures required to make cement. The aluminate phase formed in the cement reacts
quickly with water and can promote an undesirable shortening of the setting time. It can be

controlled by adding an agent such as gypsum which delayed the setting time.®”

MTA cement was set by hydration reaction. This reaction takes place in 2 stages.
Firstly, the calcium silicate powder reacts to water and results in the formation of calcium
silicate hydrate (C-S-H) gel, which liberates calcium hydroxide. The calcium hydroxide then
gradually reacts with the minerals to form other hydrated compounds.(39> The tricalcium

- . . - . 39
silicate and the dicalcium silicate reactions are as follows( ):

2(3Ca0-Si0,) + 6H,0 = 3Ca0-2Si0,-3H,0 +3Ca(OH),
2(2Ca0-Si0,) + 4H,0 = 3Ca0-2Si0,-3H,0 +Ca(OH),

The calcium hydroxide released during and after completion of hydration process is

a key factor of bioactivity of MTA.* The bioactivity of some biomaterials attributed to their



ability to produce hydroxyapaptite in the presence of phosphate contained solutions like

5,23,42 43,44)

simulated body ﬂuid(SBF)( 'and Dulbecco’s phosphate-buffered saline(DPBS)(
Sarkar et al® found that calcium ions released from MTA reacted with the phosphate group
in synthetic tissue fluid and formed hydroxyapatite-like apatite crystals [Ca,,(PO,),(OH),] on
its surface from calcium-phosphate reaction. This result is consistent with the work of
Bozeman and his Co—worker.(ZS)They reported that grey MTA and white MTA could form
hydroxyapatite-like crystals in phosphate buffered solution. Additionally, Tay et al® reported
that MTA could form beta-typed carbonate apatite known as biologic apatite representing

the mineral phase of hard tissue after immersing white ProRoot” MTA in phosphate-buffered

saline (PBS) for 10 days.

The formation of apatite comes from a role of hydrated silica gel.(45) After hydration,
Ca’"ions are rapidly released and migrated into the solution. Silicates are attacked by OH
ions and formed Si-OH silanol on hydrated silicate gel layer which presents as negative
surface charges. The SiO negative groups induce bond to liberated calcium ions (Ca”),
positive charge. Then, the sorption of phosphate (PO43’) or monohydrogenphophate (HPO43’)
ions occur and subsequently the nucleation of apatite phase was formed.“” The details are

shown in Figure1.

|
fo—P=—0 ®%—p—o0 %0—P—0 °0—P—0
(ljf !|JQ 0® o®
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Figure 1 lonic interactions between the CSH matrix and Ca” ions and the subsequent

nucleation of an apatite phase(45)



From all of above, the physicochemical basis clarifies the three significant properties
of MTA, namely, sealing ability, biocompatibility and dentinogenesis.<5) Tang et al*®
observed that MTA had the best leakage resistance to bacterial endotoxin amongst
amalgam, IRM and super-EBA. Martin and his co-workers“” also suggested that the apatite
crystal deposition potentially obturated the space between MTA and root dentin and
improved the seal of MTA apical plug with time. Additionally, Reyes-Carmona ef a/(48), who
used scanning electron microscopic and x-ray diffraction to analyze the interface of MTA
filled in dentin disk, also found that amorphous calcium phosphate precipitates with tag-like
structures at the MTA cement-dentin interface. They concluded that the structures could be
significant in minimizing leakage, influence the push-out bond strength and stimulate repair

. . . (49)
and dentinogenesis or cementogenesis.

MTA has shown the superior in vitro biological properties. From the past, each study
has used each method and each protocol to evaluate the biocompatibility of MTA. Almost all
of them showed that MTA was the most biocompatible material amongst comparable
materials. Moreover, some studies indicated that MTA was able to up-regulate the bone-

forming gene, implied that MTA could promote the new hard tissue formation in vivo.

The direct contact study of Balto”” who demonstrated that PDL fibroblast cell could
tightly attached set-MTA surface but the cells shrank with many rough bleb in fresh-MTA. Al-
rabeah et al”" also demonstrated that human alveolar bone cells could attach and spread
out on the surface of both grey and white ProRoot” MTA within 24 hours and could
proliferate to form matrix-like layer within 7 days. These are in agreement with Paranjpe et
al™ who placed MTA in direct contact with human dental pulp cells. They found that the
cells showed higher levels of osteocalcin and dentin sialoprotein which are the important
odontoblastic gene for promoting the differentiation of the pulp cells into odontlblast-like
cells. In addition, Thomson et al™ demonstrated that OCCM-30 immortalized

cementoblastic cell could attach and grow on MTA as well as the produce of alkaline
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phosphatase (AP) and osteocalcin (OC) after 7 and 12 days. Abdullah et al™ found that
Sa08S-2 osteosarcoma cells could not only adhere onto the surface of MTA without damage
of cells but also up-regulate the levels of interleukin (IL)-1beta, IL-6, IL-18 and osteocalcin

(OC).

Almost of indirect contact study clearly demonstrated that MTA was the best
biocompatible as well. Keiser et al™ who investigated the toxicity of both freshly and set
mixed MTA extracts compared to amalgam and super-EBA found that MTA was the least
toxic to PDL fibroblast cells amongst these materials in both freshly mixed and 24-hr set
states. Moreover, Koulaouzidou et al™ showed that survival rate of three different fibroblast
cell lines against set ProRoot” MTA and glass ionomer cement (Fuji IITM) were higher than
IRM. Osorio et al”” also confirmed that MTA is the least toxic root-end filling compared to

amalgam, super-EBA, Ketac Silver and Gallium GF2.

Saidon et al®® who indirectly co-cultured L929 mouse fibroblast cells with MTA and
Portland cement extracts found that the number of cell co-cultured with fresh extracts of
both materials was lower but the higher amount of the cells in set group. Bonson et al™
showed that ProRoot” MTA could induce alkaline phosphatase activity in periodontal
ligament fibroblast. Hakki et al® found that the concentration less than 0.02 mg/mL of MTA
extracts could induce biomineralization and increased bone sialoprotein (BSP) and Collagen
(COL)1 mRNA expression of OCCM-30 immortalized cementoblasts. Yasuda et al®” showed
that rat dental pulp cell cocultured with elunts of ProRoot” MTA was able to upregulate the
level of bone morphogenetic protein (BMP)-2. This result is in agreement with Maeda et al®
also reported that human periodontal ligament cell cocultured directly with ProRoot” MTA
could upregulated BMP-2 expression and calcification. They believed that released calcium
ions from MTA induced the BMP-2 and BMP-2 receptor through calcium sensing receptor
(CaSR). Moreover, Takita et al® found that the pattern of released calcium ions from MTA is

continuous and constant in early 14 days. They believed that released calcium ions could
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play a greater role in the higher proliferation of human dental pulp cells. In addition, Tani-
Ishii et al® demonstrated that white ProRoot” MTA could up-regulated the expression of

type | collagen, BSP and OC in osteoblastic cell line after exposure 24 hours.

Nevertheless, Nakayama et al® who study toxicity of MTA to rat bone marrow cell
by direct contact method found that MTA could suppress the differentiation of the cells. They
also stated that pH value and the amount of released calcium ions did not influence cell

growth.

A number of in vivo biocompatibility tests are in agreement with those in vitro
cytotoxicity studies. Parirokh et al® who implanted white ProRoot” MTA, grey ProRoot” MTA
and Calcium enriched cement (CEM) in albino rats’ connective tissues found that all of
specimens had less inflammation and presented the dystrophic calcifications in the
connective tissue adjacent to these materials. Baek et a/,(67) who retrofilled with MTA,
amalgam and super-EBA in canines’ teeth and determined the space between the filling
material and the newly formed bone, found that the distance from MTA to the regenerated
bone was similar to the normal average periodontal ligament thickness in dogs. Sousa et
al® who implanted MTA, Zinc oxide eugenol and Z-100 light-cured composite resin as root-
end filling material into mandible of guinea pigs found that MTA presented excellent
biological qualities with bone growth in close contact with the material and no interposing
connective tissue. Yalitrik et al®” histopathologically examined the biocompatibility of MTA
and high copper amalgam by implainting them into the dorsal connective tissues of rats for
7,15,30,60 and 90 days. They found favorable inflammatory response to MTA and amalgam
at the 90-day observation period. They also found dystrophic calcification in connective
tissue adjacent to MTA. This result is in agreement with Saidon et al™ who found slight
inflammatory response with new bone formation after implantation MTA and Portland cement

into the guinea pigs’ mandibles.
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Another implicit property of MTA is dentinogenesis, which is also osteogenesis,
cementogenesis and dentinal bridge as well. Zarrabi et a/,(m) who used MTA as pulp-
capped material in exposed human pulp, found that MTA could stimulate dentinal bridge
formation. Economides et al”” who used MTA and IRM as root-end filling material in non-
inflamed dogs’ teeth found the presence of moderate inflammation in early 3 weeks and then
forming the new bone at the site of the resected apices after 2-5 weeks. Holland ef al™ who
created the intentional lateral root perforations in dogs’ teeth and repaired with MTA, also
reported the deposition of cemental layer over that material in 180-day period. This result is
in agreement with the histological study of Regan et al” who used MTA and Diaket as root-
end filling in dogs’ teeth. They also found the presence of complete cemental coverage over
both the root end and MTA surface in 60-day period. Moreover, Apaydin et al™ examined
hard tissue healing adjacent to fresh or set MTA when used as root-end filling material in

dogs. They found that cemental and osseous healing was uneventful in both groups.

Approved the advantageous properties by previous in vitro and in vivo studies, MTA
has also shown a good clinical outcome especially root repair perforation materials. Main et
al™ found that their all 16 patients repaired with MTA showed the sign of healing after 1 year
follow-up. Pace ef al™ also found that all ten cases repaired the furcal perforation with MTA
showed clinical and radiographic healing after 5 years follow-up. De Chevigny and his co-
Worker,(m who prospectively observed the success rate and associated predictors to failure
from orthograde retreatment cases, also found that 4 of 16 cases repaired with MTA showed
evident healing and turned the perforation which is the first predictor to failure(in their first

phase) into the second.

Based on these findings, a great number of endodontists worldwide have adopted
this material as the first choice in a range of applications from pulp capping to nonsurgical
management of wide open apices. However, the drawbacks of MTA are difficult to control,

unacceptably porous, dimensionally unstable, unacceptably soluble,(78> long setting time
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and expensive.(S) Accordingly, several scientists have attempted to fabricate new material
instead of MTA, including MTA Angelus (Angelus, Londrina, PR, Brazil) BioAggregate
(Innovative Bioceramix, Vancouver, BC, Canada), Endosequence Root Repair Material

(Brasseler, USA). However, the cost of these materials is not different from ProRoot” MTA.

Glass ionomer cement

Glass ionomer cement was firstly developed by Wilson and his colleagues in 1969
and introduced to dentistry field 2 years later for the aim to improve the esthetics of old-
fashioned cements including zinc phosphate, zinc oxide eugenol and zinc
poncarboxyIate.Wg) The commercially dental GIC was launched in 1972 and called ASPA
(Alumino-Silicate-Poly-Acrylate) which literally illustrated the main chemicals of the glass and
quuid.“g) The glass powder is aluminosilicate glass that containing calcium, fluoride, sodium
and phosphate ions; as well, the liquid is polyacrylate acid and tartaric acid."” These weak
acids dissolute the ionomer glasses to form solid cement. The acid-base reaction of GIC is
categorized into 4 steps. The details are shown in Figure 2. Firstly, the protons (H") released
from the acids attacking the glass network which result in the release of metallic ions, mainly
AI3+, ca”'or Sr. Secondly, the cations migrated into the liquid phase. Thirdly, the interaction
occurred while the cations and polyacid subsequently formed salt bridges between the
polyacid chains and the formation of silica hydrogel. And GIC was finally hardening.(79)
During the setting reaction, the liberated calcium ions faster reacted with the acid and cross-
linked with the polyacrylic acid as calcium bridge to form calcium polycarboxylate gel. Then,
the aluminum ions reacted with preformed matrix to form a water-insoluble Ca-Al-
Carboxylate gel.(go) The acids only attacked the external surface of glass powder, whereas
the glass core remained intact and acted as a reinforcing filler in the cement matrix.*” The

details of the chemical reaction of conventional GIC are shown in Figure 2.
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Figure 2 Chemical reaction process of glass ionomer cement

The conventional GIC has many attractive properties including chemical bond to

tooth structure, minimized microleakage, and thermal compatibility with tooth due to low

. .. 18 A . . .
thermal expansion coefficient. >However, because of its disadvantages including low

mechanical strength, high water-sensitivity and long setting time, Vit had been limitedly

8

used in restorative field. Therefore, to overcome these inferior properties, the former

conventional GIC had been developed in many variations of powder component and

polycarbonic acid. From this result, today, GIC is well-suited for the wide range of clinical

14

indications. The developed GIC is mainly categorized into 3 groups: reinforced conventional

GIC, highly viscous conventional GIC and resin modified GIC.
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Reinforced conventional GIC

One idea to increase cement strength and toughness is to incorporate metallic
particles into the GIC matrix. By this concept, the so called “Cermets” [ceramic + cement] is
derived. The Cermet powder is a mixture of conventional AgSn amalgam and the GIC glass
particles and the liquid is polycarboxylic acid.® Zimehl et a/® found that Cermet cement
has an increased flexural strength and abrasion resistance compared to traditional GIC
because the metallic particles might function as stress absorbers by reducing the friction
coefficient and thereby being able to absorb the peak stresses. On the other hand, a few
previous literatures demonstrated that physical properties were lower. Kilpatrick et al®
showed that its durability as posterior restorative was poorer than conventional GIC. Sarkar
et al®™ demonstrated that the metal-matrix interfacial bonding of Cermet was lacking.
Williams et al®” found that fluoride releasing from Cermet was lower than that of
conventional GIC. The examples of commercially available reinforced conventional GIC are

Ketac™ Silver (3M ESPE), Miracle Mix"” (GC Chemical), Fuji Il and Lumi-Alloy (GC Chemical).
Resin modified glass ionomer cement (RMGIC)

In 1980s, resin modified glass ionomer cement (RMGIC) was developed in order
to overcome two main problems of conventional GICs: moisture sensitivity and the lack of
command cure. RMGIC was developed by adding hydrophilic resin monomer (2-
hydroxyethylmethacrylate, 2-HEMA) into the liquid part.(85> S0, RMGIC has dual-curing
mechanism which combined between acid-base reaction and the radical induced
polymerization.(80) The introduction of light-cured systems of GIC exhibits extended working
time, reduced the problems of moisture sensitivity, increased early mechanical strength,
easy to handle and better esthetics."”” Nevertheless, to compare with resin composite, the
mechanical strength of RMGIC is still lower. This is because of hydrophilic functional groups

within the structure of HEMA. It could take up large amount of water like ‘hydrogel’ and lead
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to greater plasticity and reduction in strength.(ao) Moreover, RMGIC has not significantly
reduced the susceptibility of dehydration problems. So the maintenance of water balance in
the modified cements is still of importance.wg) The examples of RMGIC are Vitrebond™ (3M

ESPE), Vitremer™" (3M ESPE), Fuji II"" LC (GC), Geristore" (Den-Mat Corporation).
Highly viscous conventional GIC

Highly viscous GIC was generally used because of rapid setting time, reduced
moisture sensitivity in early stage of setting and minimal solubility in oral fluid.” The superior
physical properties of highly viscous GIC come from development to optimizing the
concentration and molecular weight of polyacid as well as the particle size distribution of the

(8:

glass, which brings about high cross-linkage in the GIC matrix. ¥ The examples of this GIC

group are Ketac" Molar (3M ESPE) and Fuiji ix™ (GC)
Ketac™ Molar

Ketac"" Molar was manufactured by 3M ESPE manufacturing company in
Seefeld, Germany. It was developed for the filling in proximal area and for atraumatic
restorative treatment (excavated carious tooth structure and filled with GIC for reducing
further chances of caries). Besides, it well suited for lining under composite fillings, core
build up under crown, filling in primary tooth and Class | restoration in non-occluded

. (86)
region.

Stamboulis et a/*” found that the crystalline powder is CaF,, LaF,, Al-F-
Ca(n) by tracing with magic angle nuclear magnetic resonance (MAS-NMR). This is in
agreement with the product literature®” reported that the glass powder is aluminium-
calcium-lanthanum-fluorosilicate glass powder. Moreover, the glass powder is modified for

increasing the physical and mechanical properties by
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1.) Adding dried-form polyacrylic to increase the mechanical properties

without a remarkable change in its initial viscosity

2.) Minimizing the particle size of Ketac™ Molar powder (average 2 um) for
higher cross-linkage in Ketac™ Molar which leads to increase surface hardness and

decrease water solubility

Ketac™ Molar has 2 packaging versions: hand mixed and automatically
mixed capsule systems (APLICAP). Only the capsule systems contains 5% spray dried
polycarbonate acid which is a copolymer from acrylic and maleic acid. The hand mixed
version did not add. The manufacturer recommended the powder-liquid ratios (by weight) is
3:1 for hand mixed version and 3.4:1 for the APICAP which is already prepared in the

capsule.% The details are shown in Table 2.

Table 2 Percentage of polyacid of Ketac™ Molar

Product Powder/liquid ratio Acid in powder Acid in liquid
Ketac™ Molar Applicap 3.4:1 25% 75%
Ketac™ Molar 3.0:1 0% 100%

Hand mixed version

Peez and Frank® found that Ketac™ Molar Easymix had the highest
compressive strength and flexural strength value compared with the other viscous
conventional GIC (Fuji IX™, Vitro Molar®, Vidrion R and lonofil” Molar) with remarkably low
solubility and acid erosion. Xie et a/,(81) who studied the mechanical properties of various
highly viscous conventional GIC and resin-modified GIC, found that Ketac™ Molar had the

highest compressive strength within conventional GIC group.
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Biological properties of glass ionomer cement

The details of chemical composition are varied in each GIC brand, so they have
differences in biological effect to cells and tissues. However, previous paper demonstrated
clearly that conventional GIC is more biocompatible than RMGIC. Costa et a/,m) who
compared toxicity of five commercial GIC to odontoblastic cell line, found that Ketac™ Molar
and Fuiji IX™ GP were the least cytotoxic but Vitrebond™, Vitremer'" and Fuiji 1™ LC
significantly lowered cell metabolism and caused remarkable cell death. Sengun et al™
showed that immortalized odontoblast cell line slightly increased the survival rate after direct
contact with Ketac'" Molar. Leyhausen et a/,(go) who investigated the cytotoxicity of RMGIC
(Ionosea|®, VOCO: Vitrebond™, 3M ESPE; Compoglass®, GC) and conventional GIC
(Ketac™ Fil Application, 3M ESPE) to human gingival fibroblast and 3T3 mouse fibroblasts,
reported that the extracts from Ketac™" Fil Application, lonoseal” and Compoglass® slightly
to moderately inhibited the proliferation of these cells whereas that from Vitrebond ™ severely
reduced the cell proliferation. This is similar to the result of Oliva et al™ who investigated
osteoblast viability co-cultured with four commercial GICs and reported that Vitremer'" was
the most cytotoxic compared to Ketac™" Fil Aplicap, lonocem lonocap 1.0, GC Fuji ™ and
GC Fuji " Le. They clarified that 2-hydroxyethylmethacrylate (HEMA) and an unidentified
acidic species leached from the liquid part made Vitremer'" was the highest cytotoxic.
Geurtsen et al”” found that organic component substances releasing from Fuji Il LC and
Vitrebond caused cytotoxic effects. This cytotoxic effect came from chlorine benzene,
iondine benzene and bromide benzene which were decomposition products of the initiator

dephenyliodoniumchloride.

Compared to other dental cements, GIC usually showed more biocompatible
than the others. Chong et a/,<93) who histopathologically evaluated periradicular tissue
response to Vitrebond™ (3M ESPE), reinforced zinc oxide eugenol cement (Kalzinol) and

amalgam, found that Vitrebond " caused the least severity of inflammation. However, after
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introduction of MTA into dentistry field, all of studies claimed that MTA’s biological properties
were superior to GICs'. Vajrabhaya et al™ reported that Ketac™ Molar inhibited the growth
of PDL cell and its cytotoxicity was greater than ProRoot” MTA. Abdullah et al* also
reported that SaOs-2 osteosarcoma cell was round-shaped and unable to adhere to GIC’s
surface but there was an increase in cell number adhering to MTA’s surface in difference
with MTA group. The key factor for MTA biocompatibility, bioactivity as well as good sealing
ability comes from the formation of hydroxyapatite-like crystals on MTA-tissue or MTA-dentin
interface.®*” Although GIC has been considered to be biocompatible material, it has not
shown bioactive property. Therefore, some researchers have attempted to add some
bioactive materials to GICs. Yli-Urpo et a/,(24) who investigated in vitro bioactivity of the
conventional GIC and light-cured GIC containing 10% and 30% bioactive glass, found that
light cured GIC with 30%wt of BAG showed highest bioactivity. Loof et al*” also found that
presence of hydroxyapatite on hybrid material of calcium aluminate mixed with glass
ionomer cement liquid after immersed in phosphate solutions for 7days. However,
Kamitakahara et al” also evaluated the possibility of obtaining bioactive glass ionomer
cement by analyzing apatite formation on the bioactive glass when immersed in SBF in the
presence and absence of polyacrylic acid. They found that 0.1 ppm of polyacrylic acid
inhibited the apatite formation, and concluded that it might be difficult to obtain the bioactive
glass ionomer cement. These results indicated that polyacrylic acid suppressed the apatite
forming ability of bioactive glass. Matsuya et al®® also demonstrated that polyacrylic acid

retarded hydroxyapatite formation.
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Bioactive materials

There are two terms described the properties of the biomaterials, that are bioinert
and bioactive. Bioinert materials have neither a positive nor a negative effect on bone
growth, while the bioactive have the induction of specific biological activity such as a
surface property that provides the bond between a material and living tissue without fibrous
encapsulation.(%Silicate glasses, glass-ceramics and hydroxyapatite are well known
examples of bioactive materials. The main element composition of these bioactive glasses
and glasses-ceramics contained calcium and phosphate which is related to the main
components of hard tissue (bone dentin and cementum).(%) Many previous studies showed
that hydroxyapatite [Ca,,(PO,)OH,] and related CaPs support the adhesion, differentiation
and proliferation of osteogenesis related cells (e.g. osteoblasts, mesenchymal stem

(96,97) . H i b 3 .
This is obviously because of chemical composition. The calcium is known to

cells).
affect osteoblastic cells. Previous studies showed that the low and medium (2-8 mmol)
calcium concentrations are suitable for osteoblast proliferation, differentiation and
extracellular matrix mineralization, respectively, but higher Ca concentration (>10 mmol) are

Cytotoxic.(%) Moreover, the bioactivity of these materials also depends on surface roughness,

porosity, topography, grain size and crystallinity.(%)
Silicate-based cement

Another family of bioceramics is silicate-based cement introduced by Hench et al
in 1972, now called 45S5 Bioglass® (wt%: 45Si0,-25Ca0-25Na,0-6P,0,).”” Up to now,
many published papers have been reported a good biological properties as biomedical
applications. Xynos et al™ found that ionic products of 4555 Bioglass® increased osteoblast
number to 150%. Tsigkou et al"™ also demonstrated that the glass extracts could promote
osteoblast differentiation and extracellular matrix (ECM) deposition and mineralization. The

key factor might be from released ions including calcium and silicate. Gough et al®"
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reported that lower concentration of Si facilitated mineralization and nodule formation of
osteoblast cells, whereas the higher Si concentration led to cell apoptosis. Valerio et al'®
suggested that higher osteoblastic proliferation and collagen secretion after treatment with
BG60S bioglass dissolution products were related to Si contact, since despite higher Ca
concentration, unchanged osteoblast activity was observed in presence of biological

calcium phosphate (no Si release). This result is similar to that of Kim et al"® who found that

Si supplementation reduced the bone resorption rate in Ca-deficient rats.
Monocalcium silicate

Like other silicate-based cements, monocalcium silicate (CaSiO,) has been
considered osseous repair or replacement. Monocalcium silicate (CaSiO,), or Wallastonite,

can bind to living bone through a hydroxyapatite layer when in contact with physiological

11-14 a

fluid such as synthetic simulated body fluid (SBF),( : and human parotid saliva. K Natural

104)
( In

monocalcium silicate formed by the interaction of lime-stone with silica in hot magma.
the present time, scientists can synthesize the monocalcium silicate in the laboratory called
“pseudo-wollastonite”. The synthesis by “sol-gel” technique produced the powder with an
apatite-formation capacity when placed in simulated body fluid."* Siriphannon et al"”
found that monocalcium silicate powder synthesized by “co-precipitation” technique was
rapidly observed the new hydroxyapatite layer and completely covered the surfaces within 5
days on exposure to simulated tissue fluid. This formation rate is faster than those of other

. . "
bioactive glasses.( )

Use of monophasic monocalcium silicate has been widely researched. Lin

(106,107)

et al demonstrated that sintered macroporous calcium silicate ceramic had optimum

mechanical strength and could promote the bone marrow stem cell proliferation. Ni et al'®
also reported that osteoblastic cells were able to adhere and grew on porous monocalcium

silicate scaffold as well as alkaline phosphatase activity of cells was improved. Moreover, De



Aza et al® who implanted the monocalcium silicate into rats’ tibias and found that

osteoblastic cell colonized on the implant’s surface.
Monocalcium silicate-based composites

Due to the brittle nature of monocalcium silicate." Recently, the
combination of mono-calcium silicate and other polymers or composite materials for hard

""" tabricated the composite scaffold of

tissue repair has been interesting. Li and Chang(
monocalcium silicate and poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV)
thermoplastic polyester and they found that composite materials showed good bioactivity,
hydrophilicity, mechanical strength, and had pH buffering effect to degradation product of
PHBV. Pattanayakmz) demonstrated that the composition of monocalcium silicate and poly
methyl methacrylate (PMMA) as bone substitute rapidly produced apatite crystals on
composite surface. Besides, the composition of monocalcium silicate glass and methyl

methacrylate prepared by Monvisade et al"™ showed that compressive strength was in

range of cortical bone.
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CHAPTER 3

MATERIALS AND METHODS

Preparation of beta-monocalcium silicate

Beta-monocalcium silicate was prepared by co-precipitation method as described
by Siriphannon et al in 2002."% Briefly, Ca(NO,),.4H,0 and Si(OC,H,), (TEOS) were
dissolved in 500 ml of ethanol under continuous stirring. The precipitate was obtained by the
addition of 0.33 mol/l NaOH solutions into the above solution. The precipitated gel was
filtered, washed twice with distilled water, dried in an oven at100°C overnight, and calcined
at 500°C for 2 hours. The calcined powder was fired at 900°C for 2 hours to obtain beta-
monocalcium silicate, low temperature crystalline phase. The resultant powder was ground

and sieved through 230-mesh sieve before further use.
Preparation of the test materials

Ketac" Molar (B3M-ESPE Dental, Seefeld, Germany) was chosen as the baseline
reference and white ProRoot” MTA (Densply Tulsa, OK, USA) was served as control. Beta-
monocalcium silicate powder was added to Ketac" Molar powder at three different weight
ratios that are 10%, 30% and 50%. The mixed powder was then wetted from Ketac™ Molar
liquid; the powder/liquid ratio was 3:1for Ketac™ Molar powder and 2.5:1 for CaSiO, powder.
Ketac™ Molar and white ProRoot” MTA were prepared according to manufacturers’

directions. The details are shown in Table 3.
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Table 3 Preparation of all material groups

Groups Powders powders : liquid (w/w)
GIC GIC (Ketac™ Molar) 3:1
10CS-Gl 10% CaSiO, 2.94:1
90% GIC
30CS-Gl 30% CaSio, 2.83:1
70% GIC
50CS-Gl 50% CaSio, 2.73:1
50% GIC
MTA White ProRoot” MTA 3.3:1

In vitro bioactivity test
Preparation of simulated body fluid solution

Simulated body fluid (SBF) is a synthetically physiological solution which has ion
concentrations similar to those in human blood plasma. In this study, The SBF preparation

114)

followed the procedure described by Kokubo in 1990.""" The details of ion concentrations of

SBF solution and blood plasma are shown in Table 4

Table 4 lon concentrations of simulated body fluid

lon concentration (mM)

+ 2+

Na’ K Mg Ca

2+

Cl HCO | HPO

Simulated tissue fluid 142.0 5.0 1.5 2.5 148.8 4.2 1.0

Blood plasma 142.0 5.0 1.5 2.5 103.0 27.0 1.0
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In Vitro immersion in simulated body fluid

Each group was mixed as previously described on a glass slab with stainless
steel spatula. The fresh cement was rapidly placed in split stainless steel mold to obtained
discs (10 mm in diameter and 3 mm in height). The excess cement was removed by cement
spatula. The partially set cement was removed from the mold and kept in 37°C, 100%

relative humidity chamber for 24 hours to allow completed set.

After incubation, each disc from all groups was immersed in 100 mL of SBF
solution containing in screw-capped plastic bottle at 37°C for 7, 14 and 28 days. After the
pre-selected soaking time, the discs were gently rinsed with deionized water to remove SBF
solution followed by drying at room temperature. An un-immersed disc from all groups was

served as baseline data.

The bioactivity of the specimens was assessed the evidence based on the
hydroxyapatite formation on the disc surface after immersion in SBF solution. Scanning
electron microscope (SEM, JEOL JSM-6510LV, Tokyo, Japan) was used to determine
crystalline morphology. X-ray diffraction analysis (XRD, Bruker AG, D8 Advance, USA) was
used to identify and characterize crystalline phase. Moreover, the chemical composition
especially calcium and phosphate of unsoaked and 28-day-soaked specimens were carried

out by X-ray fluorescence spectrometry (XRF, EDXRF EAGLE II, NJ, USA).

Biocompatibility test

PDL fibroblast cell culture

The protocol of the study was approved by the Ethics Committee of Faculty of
Dentistry, Srinakharinwirot University. Human periodontal ligament (PDL) fibroblast cells
were donated from Ms. Ratchaporn Srichan (Head of Tissue Culture section, Research

Institute, Faculty of dentistry, Mahidol University, Thailand). Three cryogenic vials storing
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frozen human PDL fibroblast cells from 3 unidentified persons were thawed and transferred
into tissue culture flasks (Nunc, Thermo Scientific, Denmark) containing culture medium. The
culture medium was Dulbecco’s modified Eagle medium (DMEM) (Gibco, Grand Island, NY)
supplemented with 10% fetal bovine serum (Hyclone, Thermo Scientific, Logan, UT, USA)
and 1% antibiotic/antimycotic solution (10,000 U penicillin, 10 ug streptomycin, 25 ug
amphotericin B per mL). Cells were maintained at 37°C, 5% CO, and 100% humidity in an
incubator. After a confluent monolayer was obtained, cells were trypsinized and
subcultured. The PDL fibroblast cells from 4"-7" passage were used in this study.
Preparation of material extracts

After mixing as previously described under aseptic condition, a total of 0.2 g of
fresh cements was placed into a well of 24-well tissue culture plates. The specimens from
three test groups and GIC group were kept in an incubator at 37 °C and 100% relative
humidity for 30 minutes, whereas MTA specimens were kept for 4 hours in the same
condition. After incubating, the specimens were exposed to ultraviolet light for 30 minutes to
sterile. One milliliter of complete DMEM was poured into each well containing each
specimen and incubated in the incubator for 72 hours. After incubating, extract from each
well was transferred into a centrifugal vial for centrifugation for 5 minutes. The supernatant
was collected and serially diluted 1:1 with DMEM to achieve a total of 4 concentrations. A
series of extracts of different concentrations were made to observe a possible dose-

response relationship.

Cell viability test (MTT assay)

Human PDL fibroblast cells were seeded into 96-well plates at 20,000 cells/well
and incubated for 24 hours to allow attachment. Then, 100 uL of extract was placed into the
tissue culture well. Cells with 100 pL culture medium served as a control. After an
incubation, cell viability was evaluated by 3-(4,5-dimethylthiazol-2- yI)-2,5-

diphenyltetrazolium bromide (MTT) assay. Briefly, the extract from each well was discarded,
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washed once with 100 uL of phosphate-buffered saline (PBS), added 50 ul of MTT solution
(1 mg/ml in PBS) and incubated for 2 hours. Subsequently, the MTT solution from each well
was discarded and added 100 pl of isopropanol to each well. The plates were then shaken
30 minutes until the crystals had dissolved. Reduced MTT was then measured
spectrophotometrically at 570 nm in a microtiter plate reader (BIO-TEK Instrument Inc,
Winooski, VT). The optical density (OD) values of test wells and control wells were calculated

by using the following formula:

o OD value of test well
% cell viability = x 100
OD value of control well

The results were expressed as means + standard deviations (SD). Experimental
data were analysed by one-way ANOVA at significant level of p < 0.05. Post hoc tests were
done with Scheffé’s test. For this study, the experiment was repeated six replicates for each

cell line.
Cell morphology

The images of PDL fibroblast cells treated with four concentrations of five
materials’ extracts were examined by using phase contrast microscope (Nikon TS-100-F,

Nikon, Tokyo, Japan).



CHAPTER 4

RESULTS

In vitro bioactivity test
XRD analysis

The synthesized monocalcium silicate powder used in this study was
characterized by X-ray diffraction (XRD) analysis which then showed the crystalline peaks
corresponding to beta-monocalcium silicate (2 theta = 25.3, 26.9, 33.6, 34.1, 36.1 and 39.1°,
and cristobalite (2 theta = 22°) (Fig.3). On the other hand, the as-received Ketac" Molar
used in this study was composed of 4 main peaks at 2 theta = 27.3, 31.6, 45.2 and 53.5°

(Fig.4).

No noticeable change in peak pattern could be revealed after soaking Gl
specimens in the SBF solution for various times, still having the 4 main peaks of Ketac'
Molar powder (Fig.5). Contrarily, MTA specimens which soaked in the SBF solution for
various times were different from the before soaking specimen. The XRD pattern of soaked
specimens showed the crystalline peaks corresponding to hydroxyapatite, at 2 theta = 25.9,

31.8, 32.2,32.9, 39.6, 46.5, 49.4, 50.5, and 51.2° (Fig.6).

Before soaking, specimens from the test groups i.e.10%CS-Gl, 30%CS-Gl and
50%CS-Gl were observed the combined peak patterns of Ketac'" Molar, beta-monocalcium
silicate and cristobalite. The intensity and quantity of the peaks depended on the GI/CS
ratios. After soaking, the XRD patterns were mainly composed of Ketac"" Molar and
cristobalite, whereas peaks of beta-monocalcium silicate decreased. No hydroxyapatite

phase was found (Fig 7-9).
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Figure 3 XRD patterns of synthesized beta- monocalcium silicate powder
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Figure 4 XRD patterns of Ketac™" Molar powder
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Figure 5 XRD patterns of GIC specimens before and after soaking in the SBF for various times
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Figure 6 XRD patterns of MTA specimens before and after soaking in the SBF for various times
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Figure 7 XRD patterns of 10%CS-Gl specimens before and after soaking in the SBF for various times (all
of 4 peaks of Ketac™ Molar (¥ ) are observed after soaking in SBF but only one peak of beta-

monocalcium silicate () remain)
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Figure 8 XRD patterns of 30%CS-Gl specimens before and after soaking in the SBF for various times (all
of 4 peaks of Ketac™ Molar (¥ ) are observed after soaking in SBF but only two peak of beta-

monocalcium silicate () remain)
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Figure 9 XRD patterns of 50%CS-Gl specimens before and after soaking in the SBF for various times (all
of 4 peaks of Ketac™ Molar (¥ ) are observed after soaking in SBF but only two peak of beta-

monocalcium silicate () remain)

SEM micrograph analysis

Figure 10-14 show the SEM micrographs of the surfaces of specimens of five
material groups before and after soaking at magnification 1000X. Figure 15 show the SEM
micrographs of 50%CS-GlI before and after soaking at magnification 2500X and 5000X,
respectively. Apatite-like crystals could be observed on the surfaces of MTA and 50%CS-Gl
after soaking for 7 days. The amount and size of the deposited crystals were greater when

the soaking time was longer.
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Figure 10 SEM micrographs of the surfaces of Gl specimens before and after soaking in the SBF solution

for various times
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Figure 11 SEM micrographs of the surfaces of MTA specimens before and after soaking in the SBF

solution for various times
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Figure 12 SEM micrographs of the surfaces of 10%CS-Gl specimens before and after soaking in the SBF

solution for various times
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Figure 13 SEM micrographs of the surfaces of 30%CS-Gl specimens before and after soaking in the SBF

solution for various times
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Figure 14 SEM micrographs of the surfaces of 50%CS-Gl specimens before and after soaking in the SBF

solution for various times
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XRF analysis

To ensure the formation of hydroxyapatite-like crystals in the soaked 50%CS-Gl
specimens. X-ray fluorescence (XRF) was used to determine the chemical compositions on
the surface of all five groups before soaking and 28-day soaking specimen. Weight percent
of Ca and P were considered and calculated into molar ratio. The Ca/P molar ratios of all
groups are presented in Table 5. The ratios of specimens before soaking were far from 1.67,
which represented to hydroxyapatite. However, the ratios of 28-day soaked specimens of

other groups were closed to 1.67.

Additionally, Table 6 shows the Ca/P molar ratios of 50%CS-GI groups. The
phosphate and calcium ions tend to increase with increasing the soaking time, whereas the
silicon ion tends to decrease. Therefore, Ca/P molar ratios of the specimens that soaked for

longer time were more closed to 1.67 than those with shorter soaking time.

Table 5 Elemental composition and molar ratios of the surfaces of the materials in

comparison before and after soaking in the SBF solution for 28 days

Materials SBF soaking condition Elemental composition Molar Molar ratio
(Wt%) ratio of of Ca/P
SiO, [XeT CaOo Ca/Si

GIC Before soaking 51.05 9.76 39.20 0.82 4.70
28days soaking 34.71 31.77 33.51 1.03 1.23

10%CS-GlI Before soaking 61.10 10.52 28.38 0.50 3.15
28days soaking 48.44 21.89 29.68 0.66 1.59

30%CS-Gl Before soaking 59.00 7.47 33.53 0.61 5.25
28days soaking 57.18 17.71 2512 0.47 1.66

50%CS-Gl Before soaking 65.24 6.12 28.64 0.47 5.47
28days soaking 40.40 23.46 36.14 0.96 1.80

MTA Before soaking 24.97 214 72.89 3.13 39.84
28days soaking N/A 23.01 73.4 N/A 1.59
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Table 6 Elemental composition and molar ratios of the surfaces of 50%CS-Gl specimens in

comparison before and after soaking in the SBF solution for various times

0 day 7 days 14 days 28 days
Sio, 65.24 69.82 57.07 40.40
P,O, 6.12 8.60 17.65 23.46
CaO 28.64 21.58 25.29 36.14
Molar ratio of Ca/Si 0.47 0.33 0.47 0.96
Molar ratio of Ca/P 5.47 2.93 1.68 1.80

Biocompatibility test

MTT assays

The percentages of viable cells exposed to four concentrations of extracts from
five groups are shown in Figure 16. The percentage of cell viability exposed to undiluted
extracts from GIC (52.65%) was not different from those of 10%CS-Gl (75.46%), but
significantly lesser than those of 30%CS-Gl, 50%CS-Gl and MTA (92.47%, 100.77%, and
94.20, respectively). The percentage of cell viability of full concentrated 10%CS-GI group
was not different from those of full concentrated 30%CS-Gl and MTA, a half concentrated

GIC, 30%CS-Gl and MTA, and a quarter concentrated MTA.

The percentages of cell viability exposed to 1:1, 1:2 and 1:4 diluted extracts
were not significantly different amongst all five groups. The cell viability was likely to depend

on extract concentration; the lower concentration, the higher level of cell viability.
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Figure 16 Percentage of cell viability exposed to 4 concentrations of extracts from all groups

Cell morphology

The morphology of PDL fibroblast cells exposed to various concentrations of
extracts from all five groups are shown in Figure 17. Most of the cells exposed to undiluted
GIC extracts were round-shaped, fewer cytoplasmic extensions and dispersive appearance.
Some cells exposed to undiluted 10%CS-GIC extracts were round-shaped like those from
GIC groups but the cells were slightly confluent. However, the cells from these groups were
more spindles and more confluent when exposed to the more diluted concentrations.
Contrarily, most of cells exposed to MTA were spindle-shaped and confluent in all
concentrations. The cells exposed to 30%CS-GIC and 50%CS-GIC in all concentrations

tended to be spindle-shaped and confluent like those cells from MTA groups.
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Figure 17 Cell morphology exposed to 4 concentrations of extracts from all five material groups
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Chapter 5

Discussion

Improvement in the devices and materials allows the majority of dentists to perform
better works. Bioactive materials, firstly aim to place implantation into bone tissue without
encapsulated by a fibrous tissue, have been designed for use in medicine and
dentistry.(%m) However, the bioactivity of the materials can be predicted from the apatite

. . g . 115
formation on its surface in SBF squUon.( )

Beta-monocalcium silicate powder used in this study was prepared by the co-
precipitation method according to Siriphannon et al. They claimed that the powder could
rapidly released calcium ion and silicon ions to simulate body fluid solution, resulting in the
formation of hydroxyapatite within 1 day.(m The growth rate of apatite layers was higher than
that found in monocalcium silicate prepared from other methods.""” However, the
characterization of beta-monocalcium silicate used in this study not only showed the pattern
of beta-monocalcium silicate itself but also showed that of cristobalite peak (2 theta = 22).
The explanation of this result is the beta-monocalcium silicate crystalline grains were
surrounded with cristobalite phase.(m The presence of cristobalite grain boundary could
both promote the hydroxyapatite formation and improve the adhesion of hydroxyapatite on

. . 13)
the surface of monocalcium S|I|cate.<

Altogether the findings from XRD, SEM and XRF, GIC specimens did not show any
sign of new hydroxyapatite formation within the 28-day-soaking period. Even though some
previous papers claimed that GIC had bioactivity properties,(m) our study found that the GIC
lacked of ability to forming hydroxyapatite in SBF solution. The MTA specimens evidently

were observed that formation at 7" day after soaking. This result is in agreement with various
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researches which reported the bioactivity of MTA immersed in physiological solution.®#**?

The key ingredient of MTA is tricalcium silicate, this active component could rapidly react

with the phosphate group in the solution to form as hydroxyapatite.

The XRD pattern of the unsoaked specimens of the test groups showed the
combination of GIC, cristobalite and beta-monocalcium silicate. After soaking in SBF
solution, the peak patterns of beta-monocalcium silicate were reduced, but those of GIC and
cristobalite were still remained. This result reflects that crystalline grains of beta-
monocalcium silicate could dissolve in the SBF solution but the cristobalite phase at grain
boundary unchanged on the sample surface. However, all of three test groups were not

present the peak patterns of hydroxyapatite.

The findings from SEM micrographs and XRD patterns of soaked 10%CS-GI and
30%CS-GlI specimens did not show any signs of hydroxyapatite formation, but those from
XRF investigation concealed that the Ca/P molar ratios of 28-day-soaking of both groups
were closed to the hydroxyapatite theortetical ratio. However, we scarcely believed that the
crystals were formed. Polyacrylic acid, resin binder of Ketac'" Molar, might hinder the
apatite forming.m * Our result was in agreement with Yli-Urpo et al®” who suggested that
the composites of conventional GIC (Fuiji Il, GC Corp) and 30%wt Bioactive glass (BAG) did
not clearly observe the apatite formation using SEM analysis in 336-hour-soaked specimen.
Contrarily, soaked 50%CS-Gl not only revealed the hydroxyapatite crystals under SEM but
the Ca/P ratio of 14- and 28-day-soaking were also closed to hydroxyapatite ratio. Although
the XRD pattern did not show any peaks corresponding to hydroxyapatite even after prolong
soaking for 28 days, we believed that the hydroxyapatite crystals were formed but the
nucleated size of them were relatively small with thin layer that not enough to conceal the
XRD signals, but could revealed the SEM and XRF signals, more superficially detected than

XRD.
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Altogether, these data indicated that the 50% CS-GI specimens soaked in the SBF
solution at least 7 days could induce the apatite formation on their surfaces, implying to its
bioactivity. The explanation of this result is that the number of beta-monocalcium silicate
powder was high enough to spread thoroughly on the surface of specimen, so the new
hydroxyapatite could completely deposit over the surface. Moreover, the volume of added
monocalcium silicate powder, slightly basic pH,mO) adequate to overcome the effect of
polyacrylic acid that could neutralize the acidic pH of GIC and facilitate the hydroxyapatite

formation.

Biocompatibility is a crucial property in medical and dental materials that is
contacted or implanted in human tissues. In our study, the MTT assay was used to measure
the cytotoxicity of all materials because the method is not expensive, easy to test and
reliability“m. The specimen preparation followed ISO 10993-12:2007 standard,mg) and the
test protocol followed ISO 10993-5:2009 for in vitro cytotoxicity test."™” We used human
periodontal ligament fibroblast cell instead of immortalized fibroblast cells to simulate the in
vivo situation. In addition, we also assessed cell morphology because the alteration of

cellular morphology could depict the physiological state of the cells.

In our study, the percentages of viable PDL fibroblast cells exposed to undiluted
extracts from Ketac'" Molar and 10%CS-Gl groups were significantly lower than other
groups. Our result is strongly consistent with Vajrabhaya et al™ who investigated the
cytotoxicity of MTA and Ketac™ Molar and demonstrated that the inhibition of PDL cell
proliferation by the extracts of Ketac™ Molar was significantly greater than that of MTA.
Abdullah et al* also reported that SaOs-2 osteosarcoma cell was round morphology and
not able to adhere to GIC’s surface but there was an increase in cell number adhering to
MTA'’s surface. An explanation for our result could come from the leachable compounds of
MTA and GIC. The calcium ion released during setting reaction of MTA played a role in

proliferation, differentiation and maturation of osteogenic cells,(%) while AI”", F, Si and



43

unpolymerized acid are mainly leachable compounds of GIC that might affect the cells and
tissues. Many previous studies have expressed of the toxicity of the released components.
Savarino et al"*" reported that the release of fluoride and aluminium ions in early setting
reaction combined with acidity made the GIC toxic. Consiglio et al"*? also found that
released fluoride ions and acidic pH of GIC inhibited protein synthesis of human gingival

fibroblast.

The cytotoxic level of 30%CS-GIl and 50%CS-GI groups were similar to that of MTA.
The adding of monocalcium silicate powder could neutralize the acidic pH from GIC by-
product and stabilize the pH of the DMEM in optimal range for cell survivals. Moreover,
calcium ions released from beta-monocalcium silicate might facilitate the viability of the cell

as well. For all of these reasons, adding CaSiO, to GIC could reduce the toxicity of GIC.

In the present study, the percentages of viable cells exposed to any diluted extracts
from all groups were not significantly different. Moreover, the cytotoxic level was prone to
adversely proportional to the concentration, which associated with the amount of leachable
compound. The higher amount of toxic leachants, the more acidic pH of the solution. This

lead to the cell damage and death.

Based on the findings obtained in the present investigation, we concluded that
adding beta-monocalcium silicate more than 30% by weight to GIC could increase
biocompatibility of GIC, while adding beta-monocalcium silicate more than 50% by weight to
GIC could have bioactivity. The formed hydroxyapatite previously claimed to enhance the
leakage resistance as well. Therefore, for further study, it is important to examine the

leakage properties of 50%CS-Gl sample.
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APPENDIX

Weight percentage and atomic percentage of elemental compositions of GIC specimen

analysed by XRF

Oxide: Net Wit% At% I-Error%
AlLO, 20.17 | 18.3267 16.97 2.45
SiO, 42.01 | 24.1664 37.96 1.62
P,O, 11.64 4.6182 3.07 3.48
CaO 2 OO0 31.23 0.6
La,0, 20F. (Ja=32 6532 9.46 0.62
Cr,0, 19.82 0.9658 0.6 2.68
MnO 7.63 0.284 0.38 o3
Fe,O, 4.86 0.1869 0.11 7.62
SrO 10.46 0.243 0.22 5.4

Weight percentage and atomic percentage of elemental compositions of 28-day-soaked GIC

specimen analysed by XRF

Oxide: Net Wit% At% [-Error%
AlLO, 31.7 | 16.7633 15.25 1.89
SiO, 59.84 | 20.8434 32.19 1.34
PO, 79.29 19.08 12.47 1.15
Ca0O 465.78 20.124 33.29 0.47
La, 0, 287.73 | 22.6089 6.44 0.6
Cr,0, 19.46 0.5805 0.35 2.69




Weight percentage and atomic percentage of elemental compositions of 10%CS-Gl specimen

analysed by XRF

Oxide: Net Wit% At% I-Error%
ALO, 33.19 17.659 14.63 1.87
SiO, 103.79 | 35.6368 50.09 1.01
P,O, 23.75 6.138 3.65 2.27
CaO 395.3 | 16.5535 24.93 0.51
La,0, 313.59 22.973 5.95 0.57
Cr,0, 21.51 0.6198 0.34 2.55
MnO 9.8 0.2009 0.24 4.34
Fe,O, 243 0.0504 0.03 13.82
SrO 1872 0.1686 0.14 4.82

Weight percentage and atomic percentage of elemental compositions of 28-day-soaked

10%CS-GlI specimen analysed by XRF

Oxide: Net Wit% At% I-Error%
Al,O, 30.7 7P #ls/x5960 .o i 1.93
SiO, 78.91 29.065 42.53 1.16
PO, 49.08 | 13.1326 8.13 1.49

CaOo 391.93 17.809 27.92 0.51

La,O, 270.81 | 21.7491 5.87 0.62
Cr,0, 18.44 | 0.5816 0.34 2.77
Fe,O, 2.96 0.0658 0.04 11.27




Weight percentage and atomic percentage of elemental compositions of 30%CS-Gl specimen

analysed by XRF

Weight percentage and atomic percentage of elemental compositions of 28-day-soaked

Oxide: Net Wit% At% I-Error%
ALO, 24.61 | 14.5138 1.4 2.24
SiO, 100.13 | 37.2866 49.7 1.03
P,O, 16.55 4.7184 2.66 2.88
CaO 452.52 | 21.1932 30.27 0.47
La,0, 24547 | 21.1648 52 0.65
Cr,0, 19.66 0.664 0.35 2.71
MnO 9.79 0.2279 0.26 4.43
Fe,O, 2.96 0.0692 0.03 12.26
SrO 1.77 0.1621 0.13 5.81

30%CS-Gl specimen analysed by XRF

Oxide: Net Wit% At% I-Error%
Al,O, 25.60 "398l 11.41 2.2
Sio, 105.65) ‘B #5088 51.95 0.99
PO, 43.52 | “11.6141 6.81 1.63
CaO 372.49 | 16.4781 24.45 0.52
La,O, 259.79 | 19.8473 5.07 0.63
Cr,0, 16.77 | 0.5013 0.27 2.95
Fe,O, 3.51 0.0725 0.04 9.9




Weight percentage and atomic percentage of elemental compositions of 50%CS-Gl specimen

analysed by XRF

Oxide: Net Wit% At% I-Error%
ALO, 25.94 | 11.3979 7.99 217
SiO, 178.95 | 49.5778 58.96 0.76
P,O, 19.57 4.6524 2.34 2.57
CaO 572.6 | 21.7603 27.73 0.42
La,0, 175.8 | 12.0733 2.65 0.77
Cr,0, 12.05 0.3179 0.15 3.77
MnO 7.09 0.1164 0.12 5.65
Fe,O, 2.41 0.0384 0.02 14.52
SrO WA 0.0656 0.05 9.03

Weight percentage and atomic percentage of elemental compositions of 28-day-soaked

50%CS-Gl specimen analysed by XRF

Oxide: Net Wit% At% I-Error%
Al,O, 19.45 | 10. 7777 8.09 2.54
Sio, 133.02 | 45.9289 58.47 0.88
PO, 32.91 9.4413 5.09 1.88
CaOo 384.89 | 17.9653 24.5 0.51
La,O, 190.62 | 15.4328 3.62 0.73
Cr,0, 11.59 0.3637 0.18 3.63
Fe,O, 4.46 0.0903 0.04 7.75




Weight percentage and atomic percentage of elemental compositions of MTA specimen

analysed by XRF

Oxide: Net Wit% At% I-Error%
ALO, 4.66 1.56522 1.24 5.99
SiO, 93.42 | 16.4317 22.32 1.05
P,O, 11.43 1.4094 0.81 3.31
Ca0o 1217.09 | 47.9584 69.81 0.29
Fe,O, 17.68 0.2672 0.14 2.9
Bi,O, 1177.2 | 32.3811 5.67 0.29

Weight percentage and atomic percentage of elemental compositions of 28-day-soaked MTA

specimen analysed by XRF

Oxide: Net Wit% At% I-Error%
P205 387.88 | 36.1306 23.01 0.51
Ca0O 1455.75 |  45.5281 73.4 0.26
MnO 0.42 0.0052 0.01 65.72

Fe203 3.68 0.0438 0.02 9.68

Bi203 889.07 | 18.2924 3485 0.34

Descriptive statistic analysis of percentage of cell viability from all groups

Descriptive Statistics

N Minimum

Maximum

Mean

data

Valid N (listwise)

360 26.4700

360

153.8900

96.280833

Std. Deviation




One-way analysis of variance of percentage of cell viability from all groups

66

ANOVA
Sum of Squares df Mean Square F Sig.

Between Groups 53373.457 19 2809.129 17.852 .000

Within Groups 53501.115 340 157.356

Total 106874.573 359

Post Hoc comparisons with Scheffé’s test
Multiple Comparisons
Mea Dlief2hce 95% Confidence Interval
(I) matconc (J) matconc (1-J) Std. Error Sig. Lower Bound Upper Bound
GIl100% Gl1:1 -41.2611111° 4.1813903 .000 -64.439445 -18.082778

Gl1:2 -52.2727778 4.1813903 .000 -75.451111 -29.094444
Gl1:4 -57.0583333" 4.1813903 .000 -80.236667 -33.880000
10%CS-GIC 100% -22.8094444|  4.1813903 .062 -45.987778 .368889
10%CS-GIC 1:1 -48.1383333 4.1813903 .000 -71.316667 -24.960000
10%CS-GIC 1:2 -53.0805556 |  4.1813903 .000 -76.258889 -29.902222
10%CS-GIC 1:4 -50.1250000° 4.1813903 .000 -73.303334 -26.946666
30%CS-GIC 100% -39.8250000|  4.1813903 .000 -63.003334 -16.646666
30%CS-GIC 1:1 -44.5094444° 4.1813903 .000 -67.687778 -21.331111
30%CS-GIC 1:2 -46.6333333|  4.1813903 .000 -69.811667 -23.455000
30%CS-GIC 1:4 -49.8577778 4.1813903 .000 -73.036111 -26.679444
50%CS-GIC 100% -48.1161111° 4.1813903 .000 -71.294445 -24.937778
50%CS-GIC 1:1 -47.6633333" 4.1813903 .000 -70.841667 -24.485000
50%CS-GIC 1:2 -50.9405556 4.1813903 .000 -74.118889 -27.762222
50%CS-GIC 1:4 -49.9472222" 4.1813903 .000 -73.125556 -26.768889
MTA 100% -41.5472222"|  4.1813903 .000 -64.725556 -18.368889
MTA 1:1 -40.2088889° 4.1813903 .000 -63.387222 -17.030555
MTA 1:2 -42.5555556 |  4.1813903 .000 -65.733889 -19.377222
MTA 1:4 -46.0111111° 4.1813903 .000 -69.189445 -22.832778




67

Gl1:1 GI1100% 41.2611111° 4.1813903 .000 18.082778 64.439445
Gl1:2 -11.0116667 4.1813903 .994 -34.190000 12.166667
Gll:4 -15.7972222 4.1813903 .764 -38.975556 7.381111
10%CS-GIC 100% 18.4516667 4.1813903 431 -4.726667 41.630000
10%CS-GIC 1:1 -6.8772222 4.1813903 1.000 -30.055556 16.301111
10%CS-GIC 1:2 -11.8194444 4.1813903 .986 -34.997778 11.358889
10%CS-GIC 1:4 -8.8638889 4.1813903 1.000 -32.042222 14.314445
30%CS-GIC 100% 1.4361111 4.1813903 1.000 -21.742222 24.614445
30%CS-GIC 1:1 -3.2483333 4.1813903 1.000 -26.426667 19.930000
30%CS-GIC 1:2 -5.3722222 4.1813903 1.000 -28.550556 17.806111
30%CS-GIC 1:4 -8.5966667 4.1813903 1.000 -31.775000 14.581667
50%CS-GIC 100% -6.8550000 4.1813903 1.000 -30.033334 16.323334
50%CS-GIC 1:1 -6.4022222 4.1813903 1.000 -29.580556 16.776111
50%CS-GIC 1:2 -9.6794444 4.1813903 .999 -32.857778 13.498889
50%CS-GIC 1:4 -8.6861111 4.1813903 1.000 -31.864445 14.492222
MTA 100% -.2861111 4.1813903 1.000 -23.464445 22.892222
MTA 1:1 1.0522222 4.1813903 1.000 -22.126111 24.230556
MTA 1:2 -1.2944444 4.1813903 1.000 -24.472778 21.883889
MTA 1:4 -4.7500000 4.1813903 1.000 -27.928334 18.428334

Gl1:2 GI100% 52.2727778 4.1813903 .000 29.094444 75.451111
Gl1:1 11.0116667 4.1813903 .994 -12.166667 34.190000
Gl1:4 -4.7855556 4.1813903 1.000 -27.963889 18.392778
10%CS-GIC 100% 29.4633333" 4.1813903 .000 6.285000 52.641667
10%CS-GIC 1:1 4.1344444 4.1813903 1.000 -19.043889 27.312778
10%CS-GIC 1:2 -.8077778 4.1813903 1.000 -23.986111 22.370556
10%CS-GIC 1:4 2.1477778 4.1813903 1.000 -21.030556 25.326111
30%CS-GIC 100% 12.4477778 4.1813903 974 -10.730556 35.626111
30%CS-GIC 1:1 7.7633333 4.1813903 1.000 -15.415000 30.941667
30%CS-GIC 1:2 5.6394444 4.1813903 1.000 -17.538889 28.817778
30%CS-GIC 1:4 2.4150000 4.1813903 1.000 -20.763334 25.593334
50%CS-GIC 100% 4.1566667 4.1813903 1.000 -19.021667 27.335000
50%CS-GIC 1:1 4.6094444 4.1813903 1.000 -18.568889 27.787778
50%CS-GIC 1:2 1.3322222 4.1813903 1.000 -21.846111 24.510556
50%CS-GIC 1:4 2.3255556 4.1813903 1.000 -20.852778 25.503889
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MTA 100% 10.7255556 4.1813903 .996 -12.452778 33.903889
MTA 1:1 12.0638889 4.1813903 .982 -11.114445 35.242222
MTA 1:2 9.7172222 4.1813903 .999 -13.461111 32.895556
MTA 1:4 6.2616667 4.1813903 1.000 -16.916667 29.440000}
Gll:4 GI1100% 57.0583333" 4.1813903 .000 33.880000 80.236667
Gll:1 15.7972222 4.1813903 .764 -7.381111 38.975556
Gl1:2 4.7855556 4.1813903 1.000 -18.392778 27.963889
10%CS-GIC 100% 34.2488889" 4.1813903 .000 11.070555 57.427222
10%CS-GIC 1:1 8.9200000 4.1813903 1.000 -14.258334 32.098334
10%CS-GIC 1:2 3.9777778 4.1813903 1.000 -19.200556 27.156111
10%CS-GIC 1:4 6.9333333 4.1813903 1.000 -16.245000 30.111667
30%CS-GIC 100% 17.2333333 4.1813903 591 -5.945000 40.411667
30%CS-GIC 1:1 12.5488889 4.1813903 972 -10.629445 35.727222
30%CS-GIC 1:2 10.4250000 4.1813903 .997 -12.753334 33.603334
30%CS-GIC 1:4 7.2005556 4.1813903 1.000 -15.977778 30.378889
50%CS-GIC 100% 8.9422222 4.1813903 1.000 -14.236111 32.120556
50%CS-GIC 1:1 9.3950000 4.1813903 .999 -13.783334 32.573334
50%CS-GIC 1:2 6.1177778 4.1813903 1.000 -17.060556 29.296111
50%CS-GIC 1:4 7.1111111 4.1813903 1.000 -16.067222 30.289445
MTA 100% 15.5111111 4.1813903 794 -7.667222 38.689445
MTA 1:1 16.8494444 4.1813903 .640 -6.328889 40.027778
MTA 1:2 14.5027778 4.1813903 .881 -8.675556 37.681111
MTA 1:4 11.0472222 4.1813903 .994 -12.131111 34.225556
10%CS-GIC 100% GI100% 22.8094444 4.1813903 .062 -.368889 45.987778
Gll:1 -18.4516667 4.1813903 431 -41.630000 4.726667
Gl1:2 -29.4633333" 4.1813903 .000 -52.641667 -6.285000]
Gl1:4 -34.2488889 4.1813903 .000 -57.427222 -11.070555
10%CS-GIC 1:1 -25.3288889 4.1813903 011 -48.507222 -2.150555
10%CS-GIC 1:2 -30.2711111° 4.1813903 .000 -53.449445 -7.092778
10%CS-GIC 1:4 -27.3155556 4.1813903 .002 -50.493889 -4.137222
30%CS-GIC 100% -17.0155556 4.1813903 .619 -40.193889 6.162778
30%CS-GIC 1:1 -21.7000000 4.1813903 115 -44.878334 1.478334
30%CS-GIC 1:2 -23.8238889 4.1813903 .033 -47.002222 -.645555
30%CS-GIC 1:4 -27.0483333" 4.1813903 .003 -50.226667 -3.870000]
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50%CS-GIC 100% -25.3066667 4.1813903 .012 -48.485000 -2.128333
50%CS-GIC 1:1 -24.8538889 4.1813903 .016 -48.032222 -1.675555
50%CS-GIC 1:2 -28.1311111 4.1813903 .001 -51.309445 -4.952778
50%CS-GIC 1:4 -27.1377778 4.1813903 .003 -50.316111 -3.959444
MTA 100% -18.7377778 4.1813903 .395 -41.916111 4.440556
MTA 1:1 -17.3994444 4.1813903 .569 -40.577778 5.778889
MTA 1:2 -19.7461111 4.1813903 .278 -42.924445 3.432222
MTA 1:4 -23.2016667 4.1813903 .049 -46.380000 -.023333
10%CS-GIC 1:1 GI1100% 48.1383333 4.1813903 .000 24.960000 71.316667
Gll:1 6.8772222 4.1813903 1.000 -16.301111 30.055556
Gl1:2 -4.1344444 4.1813903 1.000 -27.312778 19.043889
Gll:4 -8.9200000 4.1813903 1.000 -32.098334 14.258334
10%CS-GIC 100% 25.3288889° 4.1813903 .011 2.150555 48.507222
10%CS-GIC 1:2 -4.9422222 4.1813903 1.000 -28.120556 18.236111
10%CS-GIC 1:4 -1.9866667 4.1813903 1.000 -25.165000 21.191667
30%CS-GIC 100% 8.3133333 4.1813903 1.000 -14.865000 31.491667
30%CS-GIC 1:1 3.6288889 4.1813903 1.000 -19.549445 26.807222
30%CS-GIC 1:2 1.5050000 4.1813903 1.000 -21.673334 24.683334
30%CS-GIC 1:4 -1.7194444 4.1813903 1.000 -24.897778 21.458889
50%CS-GIC 100% .0222222 4.1813903 1.000 -23.156111 23.200556
50%CS-GIC 1:1 4750000 4.1813903 1.000 -22.703334 23.653334
50%CS-GIC 1:2 -2.8022222 4.1813903 1.000 -25.980556 20.376111
50%CS-GIC 1:4 -1.8088889 4.1813903 1.000 -24.987222 21.369445
MTA 100% 6.5911111 4.1813903 1.000 -16.587222 29.769445
MTA 1:1 7.9294444 4.1813903 1.000 -15.248889 31.107778
MTA 1:2 5.5827778 4.1813903 1.000 -17.595556 28.761111
MTA 1:4 2.1272222 4.1813903 1.000 -21.051111 25.305556
10%CS-GIC 1:2 GI1100% 53.0805556 4.1813903 .000 29.902222 76.258889
Gl1:1 11.8194444 4.1813903 .986 -11.358889 34.997778
Gl1:2 8077778 4.1813903 1.000 -22.370556 23.986111
Gll:4 -3.9777778 4.1813903 1.000 -27.156111 19.200556
10%CS-GIC 100% 30.2711111° 4.1813903 .000 7.092778 53.449445
10%CS-GIC 1:1 4.9422222 4.1813903 1.000 -18.236111 28.120556
10%CS-GIC 1:4 2.9555556 4.1813903 1.000 -20.222778 26.133889




70

30%CS-GIC 100% 13.2555556 4.1813903 .949 -9.922778 36.433889
30%CS-GIC 1:1 8.5711111 4.1813903 1.000 -14.607222 31.749445
30%CS-GIC 1:2 6.4472222 4.1813903 1.000 -16.731111 29.625556
30%CS-GIC 1:4 3.2227778 4.1813903 1.000 -19.955556 26.401111
50%CS-GIC 100% 4.9644444 4.1813903 1.000 -18.213889 28.142778
50%CS-GIC 1:1 5.4172222 4.1813903 1.000 -17.761111 28.595556
50%CS-GIC 1:2 2.1400000 4.1813903 1.000 -21.038334 25.318334
50%CS-GIC 1:4 3.1333333 4.1813903 1.000 -20.045000 26.311667
MTA 100% 11.5333333 4.1813903 .989 -11.645000 34.711667
MTA 1:1 12.8716667 4.1813903 .963 -10.306667 36.050000
MTA 1:2 10.5250000 4.1813903 .997 -12.653334 33.703334
MTA 1:4 7.0694444 4.1813903 1.000 -16.108889 30.247778
10%CS-GIC 1:4 GI100% 50.1250000° 4.1813903 .000 26.946666 73.303334
Gll:1 8.8638889 4.1813903 1.000 -14.314445 32.042222
Gl1:2 -2.1477778 4.1813903 1.000 -25.326111 21.030556
Gl1:4 -6.9333333 4.1813903 1.000 -30.111667 16.245000
10%CS-GIC 100% 27.3155556 4.1813903 .002 4.137222 50.493889
10%CS-GIC 1:1 1.9866667 4.1813903 1.000 -21.191667 25.165000
10%CS-GIC 1:2 -2.9555556 4.1813903 1.000 -26.133889 20.222778
30%CS-GIC 100% 10.3000000 4.1813903 .998 -12.878334 33.478334
30%CS-GIC 1:1 5.6155556 4.1813903 1.000 -17.562778 28.793889
30%CS-GIC 1:2 3.4916667 4.1813903 1.000 -19.686667 26.670000
30%CS-GIC 1:4 .2672222 4.1813903 1.000 -22.911111 23.445556
50%CS-GIC 100% 2.0088889 4.1813903 1.000 -21.169445 25.187222
50%CS-GIC 1:1 2.4616667 4.1813903 1.000 -20.716667 25.640000
50%CS-GIC 1:2 -.8155556 4.1813903 1.000 -23.993889 22.362778
50%CS-GIC 1:4 A777778 4.1813903 1.000 -23.000556 23.356111
MTA 100% 8.5777778 4.1813903 1.000 -14.600556 31.756111
MTA 1:1 9.9161111 4.1813903 .999 -13.262222 33.094445
MTA 1:2 7.5694444 4.1813903 1.000 -15.608889 30.747778
MTA 1:4 4.1138889 4.1813903 1.000 -19.064445 27.292222
30%CS-GIC 100% GI1100% 39.8250000 4.1813903 .000 16.646666 63.003334
Gl1:1 -1.4361111 4.1813903 1.000 -24.614445 21.742222
Gl1:2 -12.4477778 4.1813903 974 -35.626111 10.730556
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Gl1:4 -17.2333333 4.1813903 591 -40.411667 5.945000
10%CS-GIC 100% 17.0155556 4.1813903 .619 -6.162778 40.193889
10%CS-GIC 1:1 -8.3133333 4.1813903 1.000 -31.491667 14.865000
10%CS-GIC 1:2 -13.2555556 4.1813903 .949 -36.433889 9.922778
10%CS-GIC 1:4 -10.3000000 4.1813903 .998 -33.478334 12.878334
30%CS-GIC 1:1 -4.6844444 4.1813903 1.000 -27.862778 18.493889
30%CS-GIC 1:2 -6.8083333 4.1813903 1.000 -29.986667 16.370000
30%CS-GIC 1:4 -10.0327778 4.1813903 .998 -33.211111 13.145556
50%CS-GIC 100% -8.2911111 4.1813903 1.000 -31.469445 14.887222
50%CS-GIC 1:1 -7.8383333 4.1813903 1.000 -31.016667 15.340000
50%CS-GIC 1:2 -11.1155556 4.1813903 .993 -34.293889 12.062778
50%CS-GIC 1:4 -10.1222222 4.1813903 .998 -33.300556 13.056111
MTA 100% -1.7222222 4.1813903 1.000 -24.900556 21.456111
MTA 1:1 -.3838889 4.1813903 1.000 -23.562222 22.794445
MTA 1:2 -2.7305556 4.1813903 1.000 -25.908889 20.447778
MTA 1:4 -6.1861111 4.1813903 1.000 -29.364445 16.992222
30%CS-GIC 1:1 GI1100% 44.5094444° 4.1813903 .000 21.331111 67.687778
Gl1:1 3.2483333 4.1813903 1.000 -19.930000 26.426667
Gl1:2 -7.7633333 4.1813903 1.000 -30.941667 15.415000
Gl1:4 -12.5488889 4.1813903 972 -35.727222 10.629445
10%CS-GIC 100% 21.7000000 4.1813903 Ei5) -1.478334 44.878334
10%CS-GIC 1:1 -3.6288889 4.1813903 1.000 -26.807222 19.549445
10%CS-GIC 1:2 -8.5711111 4.1813903 1.000 -31.749445 14.607222
10%CS-GIC 1:4 -5.6155556 4.1813903 1.000 -28.793889 17.562778
30%CS-GIC 100% 4.6844444 4.1813903 1.000 -18.493889 27.862778
30%CS-GIC 1:2 -2.1238889 4.1813903 1.000 -25.302222 21.054445
30%CS-GIC 1:4 -5.3483333 4.1813903 1.000 -28.526667 17.830000
50%CS-GIC 100% -3.6066667 4.1813903 1.000 -26.785000 19.571667
50%CS-GIC 1:1 -3.1538889 4.1813903 1.000 -26.332222 20.024445
50%CS-GIC 1:2 -6.4311111 4.1813903 1.000 -29.609445 16.747222
50%CS-GIC 1:4 -5.4377778 4.1813903 1.000 -28.616111 17.740556
MTA 100% 2.9622222 4.1813903 1.000 -20.216111 26.140556
MTA 1:1 4.3005556 4.1813903 1.000 -18.877778 27.478889
MTA 1:2 1.9538889 4.1813903 1.000 -21.224445 25.132222
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MTA 1:4 -1.5016667 4.1813903 1.000 -24.680000 21.676667
30%CS-GIC 1:2 GI1100% 46.6333333" 4.1813903 .000 23.455000 69.811667
Gll:1 5.3722222 4.1813903 1.000 -17.806111 28.550556
Gl1:2 -5.6394444 4.1813903 1.000 -28.817778 17.538889
Gll:4 -10.4250000 4.1813903 .997 -33.603334 12.753334
10%CS-GIC 100% 23.8238889° 4.1813903 .033 .645555 47.002222
10%CS-GIC 1:1 -1.5050000 4.1813903 1.000 -24.683334 21.673334
10%CS-GIC 1:2 -6.4472222 4.1813903 1.000 -29.625556 16.731111
10%CS-GIC 1:4 -3.4916667 4.1813903 1.000 -26.670000 19.686667
30%CS-GIC 100% 6.8083333 4.1813903 1.000 -16.370000 29.986667
30%CS-GIC 1:1 2.1238889 4.1813903 1.000 -21.054445 25.302222
30%CS-GIC 1:4 -3.2244444 4.1813903 1.000 -26.402778 19.953889
50%CS-GIC 100% -1.4827778 4.1813903 1.000 -24.661111 21.695556
50%CS-GIC 1:1 -1.0300000 4.1813903 1.000 -24.208334 22.148334
50%CS-GIC 1:2 -4.3072222 4.1813903 1.000 -27.485556 18.871111
50%CS-GIC 1:4 -3.3138889 4.1813903 1.000 -26.492222 19.864445
MTA 100% 5.0861111 4.1813903 1.000 -18.092222 28.264445
MTA 1:1 6.4244444 4.1813903 1.000 -16.753889 29.602778
MTA 1:2 4.0777778 4.1813903 1.000 -19.100556 27.256111
MTA 1:4 6222222 4.1813903 1.000 -22.556111 23.800556
30%CS-GIC 1:4 GI100% 49.8577778 4.1813903 .000 26.679444 73.036111
Gll:1 8.5966667 4.1813903 1.000 -14.581667 31.775000
Gl1:2 -2.4150000 4.1813903 1.000 -25.593334 20.763334
Gl1:4 -7.2005556 4.1813903 1.000 -30.378889 15.977778
10%CS-GIC 100% 27.0483333" 4.1813903 .003 3.870000 50.226667
10%CS-GIC 1:1 1.7194444 4.1813903 1.000 -21.458889 24.897778
10%CS-GIC 1:2 -3.2227778 4.1813903 1.000 -26.401111 19.955556
10%CS-GIC 1:4 -.2672222 4.1813903 1.000 -23.445556 22.911111
30%CS-GIC 100% 10.0327778 4.1813903 .998 -13.145556 33.211111
30%CS-GIC 1:1 5.3483333 4.1813903 1.000 -17.830000 28.526667
30%CS-GIC 1:2 3.2244444 4.1813903 1.000 -19.953889 26.402778
50%CS-GIC 100% 1.7416667 4.1813903 1.000 -21.436667 24.920000
50%CS-GIC 1:1 2.1944444 4.1813903 1.000 -20.983889 25.372778
50%CS-GIC 1:2 -1.0827778 4.1813903 1.000 -24.261111 22.095556
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50%CS-GIC 1:4 -.0894444 4.1813903 1.000 -23.267778 23.088889
MTA 100% 8.3105556 4.1813903 1.000 -14.867778 31.488889
MTA 1:1 9.6488889 4.1813903 .999 -13.529445 32.827222
MTA 1:2 7.3022222 4.1813903 1.000 -15.876111 30.480556
MTA 1:4 3.8466667 4.1813903 1.000 -19.331667 27.025000
50%CS-GIC 100% GI1100% 48.1161111° 4.1813903 .000 24.937778 71.294445
Gl1:1 6.8550000 4.1813903 1.000 -16.323334 30.033334
Gl1:2 -4.1566667 4.1813903 1.000 -27.335000 19.021667
Gll:4 -8.9422222 4.1813903 1.000 -32.120556 14.236111
10%CS-GIC 100% 25.3066667 4.1813903 .012 2.128333 48.485000
10%CS-GIC 1:1 -.0222222 4.1813903 1.000 -23.200556 23.156111
10%CS-GIC 1:2 -4.9644444 4.1813903 1.000 -28.142778 18.213889
10%CS-GIC 1:4 -2.0088889 4.1813903 1.000 -25.187222 21.169445
30%CS-GIC 100% 8.2911111 4.1813903 1.000 -14.887222 31.469445
30%CS-GIC 1:1 3.6066667 4.1813903 1.000 -19.571667 26.785000
30%CS-GIC 1:2 1.4827778 4.1813903 1.000 -21.695556 24.661111
30%CS-GIC 1:4 -1.7416667 4.1813903 1.000 -24.920000 21.436667
50%CS-GIC 1:1 AS27778 4.1813903 1.000 -22.725556 23.631111
50%CS-GIC 1:2 -2.8244444 4.1813903 1.000 -26.002778 20.353889
50%CS-GIC 1:4 -1.8311111 4.1813903 1.000 -25.009445 21.347222
MTA 100% 6.5688889 4.1813903 1.000 -16.609445 29.747222
MTA 1:1 7.9072222 4.1813903 1.000 -15.271111 31.085556
MTA 1:2 5.5605556 4.1813903 1.000 -17.617778 28.738889
MTA 1:4 2.1050000 4.1813903 1.000 -21.073334 25.283334
50%CS-GIC 1:1 G1100% 47.6633333" 4.1813903 .000 24.485000 70.841667
Gl1:1 6.4022222 4.1813903 1.000 -16.776111 29.580556
Gl1:2 -4.6094444 4.1813903 1.000 -27.787778 18.568889
Gll:4 -9.3950000 4.1813903 .999 -32.573334 13.783334
10%CS-GIC 100% 24.8538889 4.1813903 .016 1.675555 48.032222
10%CS-GIC 1:1 -.4750000 4.1813903 1.000 -23.653334 22.703334
10%CS-GIC 1:2 -5.4172222 4.1813903 1.000 -28.595556 17.761111
10%CS-GIC 1:4 -2.4616667 4.1813903 1.000 -25.640000 20.716667
30%CS-GIC 100% 7.8383333 4.1813903 1.000 -15.340000 31.016667
30%CS-GIC 1:1 3.1538889 4.1813903 1.000 -20.024445 26.332222




74

30%CS-GIC 1:2 1.0300000 4.1813903 1.000 -22.148334 24.208334
30%CS-GIC 1:4 -2.1944444 4.1813903 1.000 -25.372778 20.983889
50%CS-GIC 100% -.4527778 4.1813903 1.000 -23.631111 22.725556
50%CS-GIC 1:2 -3.2772222 4.1813903 1.000 -26.455556 19.901111
50%CS-GIC 1:4 -2.2838889 4.1813903 1.000 -25.462222 20.894445
MTA 100% 6.1161111 4.1813903 1.000 -17.062222 29.294445
MTA 1:1 7.4544444 4.1813903 1.000 -15.723889 30.632778
MTA 1:2 5.1077778 4.1813903 1.000 -18.070556 28.286111
MTA 1:4 1.6522222 4.1813903 1.000 -21.526111 24.830556
50%CS-GIC 1:2 GI1100% 50.9405556 4.1813903 .000 27.762222 74.118889
Gll:1 9.6794444 4.1813903 .999 -13.498889 32.857778
Gl1:2 -1.3322222 4.1813903 1.000 -24.510556 21.846111
Gl1:4 -6.1177778 4.1813903 1.000 -29.296111 17.060556
10%CS-GIC 100% 28.1311111° 4.1813903 .001 4.952778 51.309445
10%CS-GIC 1:1 2.8022222 4.1813903 1.000 -20.376111 25.980556
10%CS-GIC 1:2 -2.1400000 4.1813903 1.000 -25.318334 21.038334
10%CS-GIC 1:4 .8155556 4.1813903 1.000 -22.362778 23.993889
30%CS-GIC 100% 11.1155556 4.1813903 .993 -12.062778 34.293889
30%CS-GIC 1:1 6.4311111 4.1813903 1.000 -16.747222 29.609445
30%CS-GIC 1:2 4.3072222 4.1813903 1.000 -18.871111 27.485556
30%CS-GIC 1:4 1.0827778 4.1813903 1.000 -22.095556 24.261111
50%CS-GIC 100% 2.8244444 4.1813903 1.000 -20.353889 26.002778
50%CS-GIC 1:1 3.2772222 4.1813903 1.000 -19.901111 26.455556
50%CS-GIC 1:4 .9933333 4.1813903 1.000 -22.185000 24.171667
MTA 100% 9.3933333 4.1813903 .999 -13.785000 32.571667
MTA 1:1 10.7316667 4.1813903 .996 -12.446667 33.910000
MTA 1:2 8.3850000 4.1813903 1.000 -14.793334 31.563334
MTA 1:4 4.9294444 4.1813903 1.000 -18.248889 28.107778
50%CS-GIC 1:4 GI1100% 49.9472222 4.1813903 .000 26.768889 73.125556
Gl1:1 8.6861111 4.1813903 1.000 -14.492222 31.864445
Gl1:2 -2.3255556 4.1813903 1.000 -25.503889 20.852778
Gl1:4 -7.1111111 4.1813903 1.000 -30.289445 16.067222
10%CS-GIC 100% 27.1377778 4.1813903 .003 3.959444 50.316111
10%CS-GIC 1:1 1.8088889 4.1813903 1.000 -21.369445 24.987222




75

10%CS-GIC 1:2 -3.1333333 4.1813903 1.000 -26.311667 20.045000
10%CS-GIC 1:4 -1777778 4.1813903 1.000 -23.356111 23.000556
30%CS-GIC 100% 10.1222222 4.1813903 .998 -13.056111 33.300556
30%CS-GIC 1:1 5.4377778 4.1813903 1.000 -17.740556 28.616111
30%CS-GIC 1:2 3.3138889 4.1813903 1.000 -19.864445 26.492222
30%CS-GIC 1:4 .0894444 4.1813903 1.000 -23.088889 23.267778
50%CS-GIC 100% 1.8311111 4.1813903 1.000 -21.347222 25.009445
50%CS-GIC 1:1 2.2838889 4.1813903 1.000 -20.894445 25.462222
50%CS-GIC 1:2 -.9933333 4.1813903 1.000 -24.171667 22.185000
MTA 100% 8.4000000 4.1813903 1.000 -14.778334 31.578334
MTA 1:1 9.7383333 4.1813903 .999 -13.440000 32.916667
MTA 1:2 7.3916667 4.1813903 1.000 -15.786667 30.570000
MTA 1:4 3.9361111 4.1813903 1.000 -19.242222 27.114445
MTA 100% GI1100% 415472222 4.1813903 .000 18.368889 64.725556
Gll:1 2861111 4.1813903 1.000 -22.892222 23.464445
Gl1:2 -10.7255556 4.1813903 .996 -33.903889 12.452778
Gl1:4 -15.5111111 4.1813903 794 -38.689445 7.667222
10%CS-GIC 100% 18.7377778 4.1813903 .395 -4.440556 41.916111
10%CS-GIC 1:1 -6.5911111 4.1813903 1.000 -29.769445 16.587222
10%CS-GIC 1:2 -11.5333333 4.1813903 .989 -34.711667 11.645000
10%CS-GIC 1:4 -8.5777778 4.1813903 1.000 -31.756111 14.600556
30%CS-GIC 100% 1.7222222 4.1813903 1.000 -21.456111 24.900556
30%CS-GIC 1:1 -2.9622222 4.1813903 1.000 -26.140556 20.216111
30%CS-GIC 1:2 -5.0861111 4.1813903 1.000 -28.264445 18.092222
30%CS-GIC 1:4 -8.3105556 4.1813903 1.000 -31.488889 14.867778
50%CS-GIC 100% -6.5688889 4.1813903 1.000 -29.747222 16.609445
50%CS-GIC 1:1 -6.1161111 4.1813903 1.000 -29.294445 17.062222
50%CS-GIC 1:2 -9.3933333 4.1813903 .999 -32.571667 13.785000
50%CS-GIC 1:4 -8.4000000 4.1813903 1.000 -31.578334 14.778334
MTA 1:1 1.3383333 4.1813903 1.000 -21.840000 24.516667
MTA 1:2 -1.0083333 4.1813903 1.000 -24.186667 22.170000
MTA 1:4 -4.4638889 4.1813903 1.000 -27.642222 18.714445
MTA 1:1 GI1100% 40.2088889 4.1813903 .000 17.030555 63.387222
Gll:1 -1.0522222 4.1813903 1.000 -24.230556 22.126111
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Gl1:2 -12.0638889 4.1813903 .982 -35.242222 11.114445
Gll:4 -16.8494444 4.1813903 .640 -40.027778 6.328889
10%CS-GIC 100% 17.3994444 4.1813903 .569 -5.778889 40.577778
10%CS-GIC 1:1 -7.9294444 4.1813903 1.000 -31.107778 15.248889
10%CS-GIC 1:2 -12.8716667 4.1813903 .963 -36.050000 10.306667
10%CS-GIC 1:4 -9.9161111 4.1813903 .999 -33.094445 13.262222
30%CS-GIC 100% .3838889 4.1813903 1.000 -22.794445 23.562222
30%CS-GIC 1:1 -4.3005556 4.1813903 1.000 -27.478889 18.877778
30%CS-GIC 1:2 -6.4244444 4.1813903 1.000 -29.602778 16.753889
30%CS-GIC 1:4 -9.6488889 4.1813903 .999 -32.827222 13.529445
50%CS-GIC 100% -7.9072222 4.1813903 1.000 -31.085556 15.271111
50%CS-GIC 1:1 -7.4544444 4.1813903 1.000 -30.632778 15.723889
50%CS-GIC 1:2 -10.7316667 4.1813903 .996 -33.910000 12.446667
50%CS-GIC 1:4 -9.7383333 4.1813903 .999 -32.916667 13.440000
MTA 100% -1.3383333 4.1813903 1.000 -24.516667 21.840000
MTA 1:2 -2.3466667 4.1813903 1.000 -25.525000 20.831667
MTA 1:4 -5.8022222 4.1813903 1.000 -28.980556 17.376111
MTA 1:2 GI1100% 42.5555556 4.1813903 .000 19.377222 65.733889
Gll:1 1.2944444 4.1813903 1.000 -21.883889 24472778
Gl1:2 -9.7172222 4.1813903 .999 -32.895556 13.461111
Gl1:4 -14.5027778 4.1813903 .881 -37.681111 8.675556
10%CS-GIC 100% 19.7461111 4.1813903 278 -3.432222 42.924445
10%CS-GIC 1:1 -5.5827778 4.1813903 1.000 -28.761111 17.595556
10%CS-GIC 1:2 -10.5250000 4.1813903 .997 -33.703334 12.653334
10%CS-GIC 1:4 -7.5694444 4.1813903 1.000 -30.747778 15.608889
30%CS-GIC 100% 2.7305556 4.1813903 1.000 -20.447778 25.908889
30%CS-GIC 1:1 -1.9538889 4.1813903 1.000 -25.132222 21.224445
30%CS-GIC 1:2 -4.0777778 4.1813903 1.000 -27.256111 19.100556
30%CS-GIC 1:4 -7.3022222 4.1813903 1.000 -30.480556 15.876111
50%CS-GIC 100% -5.5605556 4.1813903 1.000 -28.738889 17.617778
50%CS-GIC 1:1 -5.1077778 4.1813903 1.000 -28.286111 18.070556
50%CS-GIC 1:2 -8.3850000 4.1813903 1.000 -31.563334 14.793334
50%CS-GIC 1:4 -7.3916667 4.1813903 1.000 -30.570000 15.786667
MTA 100% 1.0083333 4.1813903 1.000 -22.170000 24.186667
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MTA 1:1 2.3466667 4.1813903 1.000 -20.831667 25.525000
MTA 1:4 -3.4555556 4.1813903 1.000 -26.633889 19.722778
MTA 1:4 GI1100% 46.0111111° 4.1813903 .000 22.832778 69.189445
Gl1:1 4.7500000 4.1813903 1.000 -18.428334 27.928334
Gl1:2 -6.2616667 4.1813903 1.000 -29.440000 16.916667
Gll:4 -11.0472222 4.1813903 .994 -34.225556 12.131111
10%CS-GIC 100% 23.2016667 4.1813903 .049 .023333 46.380000
10%CS-GIC 1:1 -2.1272222 4.1813903 1.000 -25.305556 21.051111
10%CS-GIC 1:2 -7.0694444 4.1813903 1.000 -30.247778 16.108889
10%CS-GIC 1:4 -4.1138889 4.1813903 1.000 -27.292222 19.064445
30%CS-GIC 100% 6.1861111 4.1813903 1.000 -16.992222 29.364445
30%CS-GIC 1:1 1.5016667 4.1813903 1.000 -21.676667 24.680000
30%CS-GIC 1:2 -.6222222 4.1813903 1.000 -23.800556 22.556111
30%CS-GIC 1:4 -3.8466667 4.1813903 1.000 -27.025000 19.331667
50%CS-GIC 100% -2.1050000 4.1813903 1.000 -25.283334 21.073334
50%CS-GIC 1:1 -1.6522222 4.1813903 1.000 -24.830556 21.526111
50%CS-GIC 1:2 -4.9294444 4.1813903 1.000 -28.107778 18.248889
50%CS-GIC 1:4 -3.9361111 4.1813903 1.000 -27.114445 19.242222
MTA 100% 4.4638889 4.1813903 1.000 -18.714445 27.642222
MTA 1:1 5.8022222 4.1813903 1.000 -17.376111 28.980556
MTA 1:2 3.4555556 4.1813903 1.000 -19.722778 26.633889

*. The mean difference is significant at the 0.05 level.
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