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SEALING ABILIRY AND BACTERIAL LEAKAGE OF GLASS IONOMER CEMENT
CONTAINING MONOCALCIUM SILICATE

AN ABSTRACT
BY
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Master of Science (General Dentistry) in Dentistry
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Pecharinee Hovichitr. (2014). Sealing ability and bacterial ledkage of glass ionomer cement containing
monocalcium silicate. Thesis, M.S.(Endodontology). Bangkok: Graduate School, Srinakarinwirot
University. Advisor Committee: Dr. JarumaSakdee , Asst. Prof. Dr. PunnamaSiriphannon.

Objective: The purposes of this study were to compare the marginal adaptation and bacterial
leakage of glass ionomer cement (GIC) containing monocalcium silicate (CS) 30% and 50% w/w to glass
ionomer cement and MTA when used as root-end filling materials.

Methods: A chemomechanical preparation was carried out in 126 decoronated premolar teeth.
The apical 3 mm of each root was resected and divided into 2 parts.

Partl Sixty roots were obturated with gutta-percha. 3-mm deep root-end cavities of each root
were prepared and randomly split into 4 groups of 15. Each group was root-end filled with four different
materials: glass ionomer cement (GI), glass ionomer cement containing monocalcium silicate 30% w/w
(CS30), glass ionomer cement containing monocalcium silicate 50% w/w (CS50) and MTA. Epoxy resin
replica of the roots were evaluated in 3 stages: after materials were set, immersed in simulated body fluid
(SBF) for 2 weeks and longitudinal section for SEM analysis. The gap between material and dentinal wall
in each replica and surface topography was investigated.

Part2 After sixty-six 3-mm of root-end cavity preparation was made, a custom-fit gutta-percha
master cone was placed in the canal 3 mm short of the apex. The prepared roots were randomly assigned
to four experimental groups of 15 teeth each. Three root-end cavities were filled with gutta-percha to serve
as positive control and three root-end cavities were filled with sticky wax as negative control. The coronal
access of each sample in upper chamber was inoculated every 3 days with a suspension of
Enterococcusfaecalis. Culture media were observed every 24 hours for color change indicating bacterial
contamination.

Results: MTA displayed significantly better marginal adaptation than other materials, whereas
CS50 had the largest gaps (p<0.05) in all stages. After soaking in SBF for 2 weeks, gaps between the
materials and dentinal wall in all experimental groups decreased overtime. MTA and CS30 showed
statistically less leakage than GI and CSS0 over the 60 day observation period (p<0.0001). There was no
statistical difference between CS30 and MTA.

Conclusions: The addition of monocalcium silicate 30% w/w to glass ionomer cement could

improve sealing ability and marginal adaptation of glass ionomer cement.
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P,Os 0.21 0.18
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fiu: Asgary S, Parirokh M, Eghbal MJ, Brink F. (2005) Chemical differences

between white and gray mineral trioxide aggregate. J Endod 31(2):101-3.
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{fiml5isunsn-ms (acid-based reaction) Tasihindudinarelumsifialfisen

U ded d
dalsznevvesnaia lolelumesdun

¥ =] Y Ao 1 aa ~ (4 a’:’ ay 1 a o Yt
AIUNNC Lfluwanun'mwwmmmnmuwwawammmuﬂ ‘VI»]NLLﬂﬁ:UiEﬂvlﬂllﬂ'ﬁ

as o

1 9y 1
Jsudgelnanale Te TumesFuudl mniafiatu wil#liesdilsznevveandnudrludadud

oA d =

y ¥ y e
uana1eiy miinanudrvesnaid’le Te TuwesFNUAYHAAUANILINAINA TN A 1TIANAY

Taofimsdsenounanimidoudu®” devfinaaslumse 2 dhasdszneudiquivasui

[ 4
qungdsTnin 1200 - 1550 saruwaidve imiuh ldiBuedisiady innualdeymaves

} 4
wanuAaegszning 15 — 45 Tulaswas Tusuiaquszadlumairlu1ganu®®



11

a1 2 mnlsznoufieglundnudavosnaraleTo TumefSnndiiagamu®”
#15152n8v (compound) parsznou ($ovaz)
sio, 41.9
ALO, 28.6
AIF, 1.6
CaF, 15.7
NaF 9.3
AIPO, 3.8

iy Smith DC. (1998) Development of glass-ionomer cement systems.
Biomaterials 19(6):467-78.

davveamiad: Wumsazaentszaoulddvnsanaesiia luszozusnnaialelo Ty
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a ) . E R a R R 4 aa
nsagmIailn (itaconic acid) nsauuaen (polymaleic acid) uaznsalasmsvendan Taonsa
3 H 3 y ] o A 1 L4 = 4
a1 ldluveunadil %zﬁﬂgﬁﬂﬁ‘h’u (group function) flenyn1svenda (carboxyl group) #

o o aaa ° ~ o n’/’
Hudrigsoundl (mmwlszaey 1) ildnaaleTeTumesFuudnildluioswmarmiunm

v1 & " W A o a vlslw (57)
@413 aaszoznaIMIsNoal MNSZELNAINULAZIAANA lAtBY

_ COOH Tricarballylic acid unit
_ j: ~~CH, COOH

amtszney 1 Tassadnvensaidludnnlsznouvsaveamariifinguarsuendarlseneu®”

fa: Smith DC. (1998) Development of glass-ionomer cement systems. Biomaterials

19(6):467-78.
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an d
mammlfisnmanedivesnaalelehuneidnm (setting reaction)
d a ° aaa 3 J
naa'leTe TuwesFwudinaniminl§nsounil (chemical reaction) szvitendnui
9 3

waznia Tasthindudinan inaldaTonsa-ane (mwlszney 2) lussozusnilionauadung
wazdruveunautidloiu lalassudesunnasaszidinljisondiurrvendnudlezifia
[ . ¥ v aa a 3+
msilan Udesszquinueslane (metal  cation) daulngjeziiluesgiiifisudesu (A)
- a 2+ a a 2+ v S Y o asaa  w '
unaFuudeey (Ca ) uazanseuiFeudeou (Sr ) lasdszyuanmariiszidninlgnsonumy
g a a aa a - & o ¥ a o
mivendavesnsaneaszasan wadlundevesnsa (polyacid salts) azsimihiuilumming
(matrix)  Baeyniavendnudur13&fu nazdiuAvesndnuda ifaidluddnuea (siica

(59) I a U o ' aa a
1uszuzusﬂuﬂawuuaaau'nzqnﬂam]aauaanmu’:mmzqmuuuaaau

hydrogel)
& 4' a a A - ) o 9 o 1
iieannmsivuiadesuvesesgiiiisuiivuialng (5.0 urTuwas) Mlddasnisuns
N . a ] (4 oA [ 60 o
(diffusion) vesdopuALFLUATHa (cement sol) TdFnudlefbuduunadon @ iy
- ﬂ' = J (4 = a a "
szozusnnasvoInsafinavuniendsnnmsnamduunaiFounoiosniian (calcium
J a’ 1 Y z aac v (3 o
polyacrylate) #eszamnsaazatnluiildie dniuluszozusnvesljnsennedinisse iy
v v @ c’ P o o v o
Wildnarale Te TuweiFuuddudmin ilesninszhrldiaqg liudus o gadonnula
& a aa a a ) da a o
vinmiusziiaezgilifivunedeznsiaa (aluminium  polyacrylate) NiANUANYS HAZUTINT
wmnnunaidsunedezasian Taslanaruly 24 Flusmondsninmsway naialelelu
L) d o o a J a & 1 sl a J
O3 FIUUATTUANULUVITUNUNINTU 1AM INANIIFOUAD (cross-linking) YBIUNITNY LY

4 'V @ . =g (57
115:ﬁ]am%mmaﬂuﬂmmﬂumuﬂszﬂan (polyanion chaln)( ;

59
ﬁ‘( )

amszneu 2 UfAsensnedvesnmaleTe Tumeidum

'ﬁm: Lohbauer U. (2009) Dental Glass lonomer Cements as Permanent Filling
Materials? — Properties, Limitations and Future Trends. Materials 3(1):76-96.
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r : F 7 A & ar H B
safudonazlassaduvesnmaleleTumefFnuddioTaquisdudni dwaasly
amlsznou FasnuiliaIuununan (core structure) MlunAnufindesinmsinlfnse
P ) (3 ) g5 .
Tavszgnviedudedinumea dufianinmadnlgfiensamivendan (carboxylic acid) TuAa

- ¢ 3 [} 3 o 57
vouwanud: uaziumindnuindevesnsadeusoutadnussnanudmianua 138uiu®™’

mwilszney 3 dnvaz Tassadrevesnaale To TuwesGumdidondeiuiui®”
fiun: Wilson AD, Mclean JW. Glass-ionomer cement. Chicago, IL: Quintessence
Publishing Co; 1988.

iinsnnnaale le luweiFwudariaduauiidednalumsldnuiundinuisdsems
Fainan13teduuda v‘iﬂﬁzﬁnn1sﬁmu1nmff‘le'(aTumaé’ﬁuuuﬁwﬁﬂduqfum ez
aufums Wometuanssuuuudieg Tasssutadiu 3 siiandng fio
1. naa'leTe TuwesHuudiasuusedaeTane (metal-reinforced glass ionomer

cement)

WosnnnmaleloTumeiFwudsiadudminidoiadunammdass #'i
aunsafuusalsuaannlduaznlae TalimsvanTasmsiAudiuvesTanzRunauasludau
wananudaviqoe Tsozqii luddina nfewndnudadu Tanzfudhdaedu wlond wedlda
(Cerment)” muduTanzasllunaaloTo Tumesdama v‘t1“lﬁi'ﬁqﬁm1uﬁu§’qﬁﬁmn€um’1
nmeleTo Tumeddumdsindady 1Haude safdinoudasdiatu udedilsfamn
udausafumuntsunntin (fracture toughness) Ssnsdieg aasisemarhl1dysuslunine
ﬁﬁmi’mmumﬁ’uoqa snfan1nduTanzasl Mldaduandendilusssuna senfim
adwezaiy Timnsdmiumsysaiunh® sndaetiasu Miracle Mix', Ketac? silver
ung Chelon-Siiver 1iludu
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o d A w a ogs N
2. naale e TuwesGumuasiliadaulsaioisdu (resin-modified glass ionomer
cement; RMGIC)
4 s w = a a 2 1Y I
nana'leTe TuweiSumdriadaulsdrordu Wudnisnilalunsimuinara
ot ¢ A 9 v A 1 o T
loTo TuwesFuudeanilymidmumnididina a1saruquinainisneds uazaaiulade
n!y =t a Y o oy 9 ] = = a
anury TaoiinsidusduluTwwesimuseaza1nir1d wu leasendieniawmasian
o . g o
(hydroxyethyl methacrylate; HEMA) ia9tuie (bisphenol A-glycidyl methacrylate Bis-GMA)
A aan ] o L4
wazasEulAsndaouaa (photo-initiator) ae'hlludnveamarvesnara’leTe Tumeiduua
¥ ¥
siianuan®? MmliTaquiaiiseilfisnimsneds 2 Ufnser Ae UgnTuinia-a1e uazdljisn
y
a ) e " . v o A
wodwes Iswdunuunszduduiniiuas (photochemical polymerization)®” darfuitenata'le
= S = LY 9 = 9 9 A = oaa 1 VT - | A
ToluwesFmuariiaaaulsd0isdu gnaszqualsuaszisumnalnsoinedmiui tile
= S wva o I d a o’l’ a (= ° dy
WisuievauiatunaialeTe TuwesFmudstiaauay wudilnarlunsiaunniu any
<] dy &2 a w dy o o o’a’ [y a [ Y é’
udausanndiu munsadadaduileilu msazaiedidias saunsiagianulamldaisaniu
(5857) yoy§1oE191% U Vitremer, Vitrebond Photac-Fil® wag Fuji il LC fludu
3. na1a"laTaTumm’%muﬁ‘nﬁﬂﬂﬁﬂﬁﬁ (High viscous glass ionomer cement)
a ad o wa =) d = : a
Hudndi lumswanauidvesnarale Te TuwesFmudsiaauay Taons
Qs a 4 1 1 J é‘ 1 ﬂy o
YSuilpesandimsenindumdeveanarligeiu (1nnd13 : 1 Tasiwnin) Taveziinig
Punsanedozasanaslludumuaznisannaeymavendnuia " Ufaseinsned

aaa 1

voanaeloTo TuwesTuudvianiage swiluljisonsa-ar mileudunaraleToTuwes

i 4
ac o (-9

=) d a n’: = [ o ° ¥ ) TR J dy

Fuudgiasuny 1nn1sdiulgatagisa mldsagiinsnedaiiisa ananulineanuiuly
1w v o’:‘ = e a d'ddg a 1 N

szozveImsnedald saunadauliRiFananadu 1wy aAnunuaesdn (wear resistance)
o R (Y g a

AIUNULTIOA (compressive  strength) AUNULITIAA (flexural  strength) ATULVINT

¥
(surface hardness) Hagmsazaty (solubilty) Wudu'” ImaiiTagaiainldunuesiady
Tumsysagiunds  1uatu Atraumatic restorative treatment  (ART) 8n@79811%1 Ketac-

Molar, Fuji IX iudu

Y v S Jdy d
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" ’ 1Y ot s o ] = ) 1 [d
vivo) TasszwuhmondennnaunaialeTeTuwesGuudiadilnia wlianuduivdewad

A =) 1w 4 Vet v a 4 dy
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fﬁﬂ%iﬁ'ﬂﬁuﬁ (bioactive material) — Tuluunadendamna (monocalciumsilicate)

Tunawdanmssuiiiun IdinsAafuuaziannYaqdanw (viomaterial) 1ile14
Tumssnumamsunnd ilesnniagdnmiuiagficunsaldnaunudiunilsdaulaves
sumeuypd Tauiannudituldnednm swsanisiavesTaginmaudauuemaia
Wusszniataquaziiodeld 4 ¥iin" fuwieluil

H
o =

wa A % (g 10 aaa (3 -4 A
1. Jagnlauianeudrauios (nearly inert) Antaqez luinlgisolaqfuilewe
sume TasezdadatusamedioInsaadanianionn endediusu ozqiiut (alumina)
103 Iniily (zirconia) uazwediefiau (polyethylene) dudu
o d'd 4 4 A = o
2. Yaqiitigwgu (porous) AvmsfilowermnsansapanTaunsndn Tl lugnguld
o ' ' ~ 4 . o /s A aa
oA ed1usu laasondozwiIng (hydroxyapatite) leasendezwiInanindsuvulanziily
b7
wiu udu
3. Yerqi 1eolAserdnm (bioactive) AvuTnmAIveITagamITad iUt Endn
3
A o 1 ' . : =
ieiwe'ld endredruru TuTeuenfiinara (bioactive glass) leasendezwilnd uasluleusn
finamasiin (bioactive glass-ceramics) iHudu
4. Saghannsnazaiw’ld (resorbable) Aomsiitagezazaeuazgnunuiidionszgn
onAa ed1ury lasunaiFounemia (tricalcium phosphate; TCP) uagwoduananuoda
(polylactic acid) (ud

=) =

s o a [Y P v aaa 4 4
lusdaonssudulanoudnd YagFinmyilaiiladedfsundinmuieiiFuny
9 v
“Jaq@anusiua” (bioactive material) tiuldFuaNwaUlazinsWaniuvateyiia
4 (Y] v o d o = 4 2 o3 }
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Tusmeuywd azlidnsonunsegnuiomiawe lasseu amsuanildsudesuszniniag
A v o da 1 ] a o 3 a g o ltl d 1 a 9
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a A @ ' dy A [ (80)
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a a v o o % " 5 & o A v oo o4 o dy
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a o84 o W Yo ar ° 9 ¢ A A t
wsnFnuiud lasuanuaulylumsiauninldmanmsuwndiveumaunuvsedounan
1 o 1 P 4{ 4 < o 1 a A o o daagy L |
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d o d . . (4 d a
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: . . : 4
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9 o 9 o dy A et Q’l‘ o 9 9 a 1) a a a
Whiuladuiewe Tadsunsdaiinnuamisalumsnssquilditamsadavesnszgniivsinumi
[ c’: y & n’; $ o : v 1 0 a
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. LN A ¢ A vl a s A Aoy
(calcium phosphate ceramic) NeNATIZHIUNT AD gasendozwng wiesvniilaulszney
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mauniindrefuas situnidniuesdlssnendify lunszgnuazituvesuyud Saih 145y
amufionlumsth i Fauiamemsmduasmaiuanssu

Tuluunaidoudainn (Casio,) nie 1eamalalus (wollastonite) iHunilalumss
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3 14
st a =

a o 1 (a ] [ o
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14
aa a wa ! [ .
TuunadongdanaiuludeslfidnisSenii glateaaralalui  (pseudo-wollastonite)
. ] o - aa 4 a )
Siriphannon wazamz®"* Iddunszd InTuuradoudfinaliundlsitnisanazneusy Tay

¥ xdouleasenlediiudusulfisolunmsanaznou wuilutui 2 veamsuslumsazme

o ¥ ' a 3 =) (-3 a ot aa
mamﬂmwmmmiuswma il::nmiﬁsw"laﬂsanma:m"l‘nmu'uuwwaﬂﬂmmmmaumamm

o o s a 3 Pt (dy aa =Y an 9
UAanNHUTNAN YUIALAN Iﬂﬂlﬂﬂ‘lﬂﬁlﬂﬂvlﬂﬂiﬂﬂ“]fﬂsﬂ'lvl'ﬂﬂ‘llu'VIN?ﬁlﬂﬁiuiullﬂﬁlcﬁﬂﬂ‘ﬁﬁlﬂﬂ‘lﬂ
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L - L) o/ a’ A o/
pgnsaada (12 Tulasns/Au) wazannsonaquiainualdnielu s Ju Fedasmsadn

(21,22,83)

~ :II < ' ) 4 : Y-
vaelensendozw InmiuazisiniudmSenaraersiindug smunaFougana lu

(34)4 o’: a d? o

4 a & a s E ~ aa
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diouslusianouyud®

A wa aa ) o
efinyauaves TuTunaa@oudamnaluduanudiiulanadinm Tau Ni uaz
v
A wa ° d . .
auz® ldnansslufesdfiianis Tassiuwadnizgn  (osteoblastic-like cell) uUABIUY
an o/ A L.
TassrhadugnguuesluTuunadondanmiioudu lasunaFoueaidaiefnyinsuniai

P o v = aa = Y as Y I 4 4
wazildsuaninvoausan w'u'nTuTuuﬂawaumamﬂummmnu"lﬂﬂnmmaa Troaaainign
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¢
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(115)

den Msnil NELTALY

1 NaCl 7.996 NTY
2 NaHCO, 0.350 N7
3 KCl 0.224 N3N
4 K,HPO,*3H,0 0.174 n¥Y
5 MgClL+*6H,0 0.306 NTY
6 1M - HCI 40 inddns
7 CaCl, 0.278 N3u
8 Na,SO, 0.072 Ny
9 (CH,0H),CNH, 6.058 NFY
10 IM - HCl Ysulildanudiu

n5a a1 15U 7.4

fiu1: Kokubo T, Kushitani H, Sakka S, Kitsugi T, Yamamuro T. (1990) Solutions able to

reproduce in vivo surface-structure changes in bioactive glass-ceramic A-W. J Biomed Mater Res

24(6):721-34.

N394 ﬂ’J’lllI.‘(,IJN{I"N‘llﬂ»lvlﬂﬂﬂlnuﬁ'liﬁzﬁ']ﬂ“ﬂ"lﬂﬂﬁﬂé"lﬂ‘llilﬂlﬂﬂ’ﬂui"lﬂﬂ’w llﬁ%Wﬂ'lﬂiJ'l‘Uﬂﬂlaﬂﬂ

uyyd (mm)"?

Teoou Na’ K Mg ca” cl  Hco® HPO,® SO,
71582010 SBF 142.0 5.0 1.5 2.5 148.8 42 1.0 0.5
walaulveuden  142.0 5.0 1.5 2.5 1030 270 1.0 0.5

o
Uyl

fin: Kokubo T, Kushitani H, Sakka S, Kitsugi T, Yamamuro T. (1990) Solutions able to

reproduce in vivo surface-structure changes in bioactive glass-ceramic A-W. J Biomed Mater Res

24(6):721-34.
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MI19n.1 Jeyanundoszezdoringesinssniniaggalmeninfluriangfuminasssinilu

a a 1w o
movdsnniaqgalassinitunedauysal (lulnswas)

MTA Gl CS30 CS50

1 2.1979 10.7509 6.3531 7.1348
2 0.8927 10.5027 1.8431 10.8822
3 2.1642 3.9975 1.0656 7.1526
4 0.7919 2.2659 2.7384 9.0052
5 2.102 10.2335 5.2856 11.2849
6 2.3609 4.5986 5.3646 12.362
7 2.5458 4.3833 3.8831 7.7148
8 0.612 6.7309 2.6273 15.1671
9 0.000 5.8209 4.4608 14.4188
1

0 0.9173 6.5575 2.9013 21.9053
1

3 3.0893 6.0319 6.7391 12.9993
1

5 0.464 45922 5.8945 16.8617
1

5 0.000 6.4631 7.8311 14.4062
1

4 2.0431 8.9375 4.3203 11.4869
1

5 0.000 6.000 7.9748 18.5727




MINN.2 MInTzaemvesdoyanundsszozdorinmonasiniagganedlauysol

Kolmogorov-Smirnov test

Group Statistic df Sig.

MTA 204 15 .093
Gl 143 15 .200°
CS30 217 15 .056
CS50 145 15 200"

M51n.3 anulslsauvesdeyaveudazaguaondaniniaqganedaauysal

Test of Homogeneity of Variances
Gap
Levene Statistic df1 df2 Sig.
5.847 3 56 .002

= [d aa = 1 a ] 1 o o 1 e
AT 19N 4 NZ‘]’JLﬂi'IS‘H‘VlNiTﬂWUﬂQﬂTilﬂ?EﬂJmfJ'lJﬂ'lm’ﬂEJ‘D’EN’JNﬂTﬂﬂ’ﬁQ‘ﬂ"lﬂ’JﬁﬁlQﬂﬂﬂﬁ’JﬁNuiﬂr

ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 1036.748 3 345.583 45,523 .000
Within Groups 425117 56 7.591
Total 1461.865 59

Multiple Comparisons

Gap

Tamhane

0 ) Mean Difference 95% Confidence Interval

Group Group (1-J) Std. Error Sig. Lower Bound | Upper Bound

|MTA Gl -5.1790185 .7114258 .000 -7.271447 -3.086590]
CS30 -3.2734364° .6116333 .000 -5.053736 -1.493137
CS50 -11.4115573| 1.1361776 .000 -14.827519 -7.995595,

Gi MTA 5.1790185 .7114258 .000 3.086590 7.271447
CS30 1.9055821 .8564264 .190 -.524150 4.335314
CS50 -6.2325387| 1.2846285 .000 -9.931000 -2.534078

CS30 MTA 3.2734364] .6116333 .000 1.493137 5.053736
Gl -1.9055821 .8564264 .190 -4.335314 .524150]
CS50 -8.13812087 1.2321685 .000 -11.723347 -4.552895

CS50 MTA 11.4115573"| 1.1361776 .000 7.995595 14.827519
Gl 6.2325387| 1.2846285 .000 2.534078 9.931000
CSs30 8.1381208" 1.2321685 .000 4552895 11.723347
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amilsznen ¢ nTMEeRIeg19veengy CS50 Mmondanniagganedauysal (M = Jaqgalaiesin
14

flu, D = iiailu)

a319v.1 YeyasunduszezveringodinTeniniaggalaennitufuminassnailunondien

wrsinfuluamsazaieiassndroveuvalrlusnme Wunar14 Ju(lulasas)

MTA Gl CS30 CS50
1 0.8598 9.4178 5.827 5.6653
2 0.8988 9.1706 2.3424 10.5691
3 1.1032 3.3943 0.9169 6.3076
4 0.6052 2.5747 1.3406 9.3839
5 0.9811 10.8144 5.5831 10.1594
6 0.9832 4.0086 5.8681 11.5289
7 0.8153 4.2047 2.4723 6.8306
8 0.000 6.8518 2.3469 13.8196
9 0.000 5.1063 1.8772 13.2752
10 0.41 6.142 0.000 20.8138
11 1.8962 6.2197 4.7122 11.1592
12 0.000 5.1119 4.3679 14.0447
13 0.000 6.7554 7.3746 12.5078
14 1.3514 8.9318 2.4908 10.7692
15 0.000 5.8096 5.6364 17.8806
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ATTNY.2 msnsmwm‘u'away,aﬂmﬁUixﬂz‘nminmwmmmws1an1umsazawmamﬂﬁ'w

vourad luseme unaiig Su

Kolmogorov-Smirnov test

Group Statistic df Sig.
MTA 204 15 093
Gl 120 15 200
CS30 217 15 056
CS50 117 15 200

9 1 ] o ] o 9
a15199.3 AN slsuvesdeyavesraznquaisnasnnusiniiuluasazasdnnenaiy

voauradlusame dlurnaia Su

Test of Homogeneity of Variances

Gap

Levene Statistic

df1

df2 Sig.

6.395

56 .001

a 4 an =4 = 1 a J a (]
A1TNV.4 Nﬁ’JLﬂSTSMVINﬁi’lﬁ‘llﬂ»iﬂﬁl‘ljiﬂljmmjﬂ“ﬂ’dEJ"ISEN’JNﬂ'IUWaQ%1ﬂu‘]ﬁ'lﬂ‘ﬂu1uﬁ1iﬁztﬂﬂ

ilo'lﬁﬂ\iﬂé"]ﬂ‘llﬂﬂma’ﬂuil“ﬂ'lﬂ Lﬂu&']ﬁ114 M

ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 1306.884 3 435.628 59.663 .000}
Within Groups 408.882 56 7.301
Total 1715.766 59




Multiple Comparisons

Gap

Tamhane

0 W) Mean Difference 95% Confidence Interval

Group Group (1-d) Std. Error Sig. Lower Bound Upper Bound

MTA Gl -5.6406212° 6385399 .000 -7.560995 -3.720247
CS30 -2.8834845 .5890695 .001 -4.650303 -1.116666
CS50 -10.9873712| 1.0657628 .000 -14.226263 -7.748480]

Gl MTA 5.6406212 .6385399 .000 3.720247 7.560995
CS30 2.7571367 8421772 .017 .372336 5.141938
CS50 -5.34675001 1.2239730 .001 -8.873292 -1.820208

CS30 MTA 2.8834845 .5890695 .001 1.116666 4.650303
Gl -2.7571367 .8421772 .017 -5.141938 -.372336
CS50 -8.1038867 | 1.1989076 .000 -11.575399 -4.632374

CS50 MTA 10.0873712°|  1.0657628 .000 7.748480 14.226263
Gl 5.3467500| 1.2239730 .001 1.820208 8.873292
CS30 8.1038867 1.1989076 .000 4.632374 11.575399]

* The mean difference is significant at the 0.05 level.

74



75

aalsznou 1 MMaIeRI8g19veIngy MTA mendnnussinilulumsazaediaesndigveanar

Tuseme Wuna114 Tu M = Taqgadatosinily, D = ieilu)

b, R RS

s P -

7 Vf
S0 X1,000, 10um)  —

J @ [} J (Y 1 3 v
ﬂ'lW’Llizﬂﬂ'U N NINDWYAIDYNVAINGY Gl ﬂ'lﬂﬂﬁ\ﬂ'lﬂlﬂﬁ'lﬂﬁu‘luﬁ'ﬁﬁﬁ'ﬁ']U‘ﬂ'lﬂﬂQﬂﬁ']U‘UﬂQLﬁﬂ'ﬂu

9
s dlunai1a Su (M = Saqgadatesnily, D = weilu)



76

-

X1,000 10uM  sessip

&8

amlszney ¥ nMnaiefed1ueengu CS30 Mmendannugsinilulumsazaedmesndroveanal

3
Tusrame Wunai1a Su (M = Saqgaaresinily, D = weily

e

.

" 3X1,000% 10pm

-

&

5l

X1

amdszao © 011N 1ERIBE1NVBINGN CS30 mondannuganilulumsazaroiiassndrveanad

¥
Tuswmo i 114 Tu (M = Taagadatosinily, D = ieily



77

- L4 aa A ! : 1 1 A o "
MIn.1 walnzinnadalenlSouisuaundssesingznihuile Tagganediauysaliazaie

naannugsn il umsazaisdiassndvveanarluseme Wunai14 Yu vsangy MTA

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
P:i. I.'TA before 1.345407 15 1.0491296 2708841
after .660280 15 5839997 .1507881

Paired Samples Correlations

N Correlation Sig.
Pair MTA before & after 15 .896 .OOOI

Paired Samples Test

Paired Differences

95% Confidence Interval
of the Difference
Sig.
Mean | Std. Deviation | Std. Error Mean Lower Upper t df | (2-tailed)
Pair MTA befor : - ~fter | .6851267 .5860511 1513177] .3605824| 1.0096710 4.528 14 .OOOI
s aa A ~ J - ] ] 1 A o T w o
M13191.2 WD~ .‘T‘l.’ﬁﬁ"ﬂN?{ﬂmﬁmﬂ%'ﬂumtmﬂ"lmaEJ‘BEN’JNiSH’JNHJﬂ’JﬁﬂQﬂﬂﬂﬂ?ﬁll‘lgimuazmﬂ
winugsn o lumsazatsdaesndisveanadlusame iiuna114 Su veangu Gi
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
Par I before 6.524427 15 2.5477871 .6578358
after 6.300907 15 2.4031113 .6204807|
Paired Samples Correlations
N Correlation Sig.
'Pair G| before & after 15 972 .0@'
Paired Samples Test
Paired Differences
95% Confidence Interval
of the Difference
Sig.
Mean | Std. Deviation | Std. Error Mean Lower Upper t df |(2-tailed)
Pair G! before - ~*=r | 2235200 .6037898 1558979 -.1108476] .5578876| 1.434 14 174
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A15190.3 Had 1 izvneaaadenSeufsuiindsresinsennaiie Yagganedaauysaliazng

w&anugsin L lumsazaresiassndisveanarlusime dunai14 u veangu CS30

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pa: before 4.618847 15 2.1238471 .5483750
o= after 3.543760 15 2.2054485 5694443
Paired Samples Correlations
i
i N Correlation Sig.
‘2air CS30 before & after 15 .862 .OOOI
Paired Samples Test
Paired Differences
95% Confidence Interval
of the Difference
Sig.
Mean Std. Deviation | Std. Error Mean | Lower Upper t df | (2-tailed)
Pair CS30 befor - - 1fter| 1.0750867 1.1380060 .2938319| .4448800| 1.7052934| 3.659 14 .003
ATNA3 WaS  snsaaaden/Souifisuaunieresieszniiie Yagganediruyseiiazne
wdnuesn - luaisazatesiassndevoanadlusieme duna114 u veangu CS50
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
Pai before 12.756967 15 4.2735098 1.1034155
CLS" after 11.647660 15 4.0861758 1.0550461
Paired Samples Correlations
N Correlation Sig.
Pait CS50 before & after 15 .985 .000|
Paired Samples Test
Paired Differences
95% Confidence Interval
of the Difference
Sig.
Mean Std. Deviation | Std. Error Mean| Lower Upper t df | (2-tailed)
Pair CS5before - - fior ¢ 1.1093067 .7384115 .1906570| .7003880| 1.5182253| 5.818 14 .OOOI




AT AUR  T2EYIINFRIINTENINIAgRalmeTnHludumisnassInilugnaaniu

uuamnuenav fuwuauiy (lulaswas)

MTA Gl CS30 CS50

1 5.8511 9.7129 5.8742 8.5342

2 5.9203 8.1929 9.4539 6.0599
—3- 5.5471 10.947 4.5994 5.4918
—4_ 3.1838 7.3279 4.6961 7.7067

5 5.1587 10.2228 5.1401 5.285

6 | 2.6821 4.0559 6.6364 8.9123

7 3.1853 6.1219 1.4021 5.8371
_; 1.4539 6.2098 7.2921 11.5165
9 0.000 4.0426 2.5183 7.2444
10 0.4656 6.3656 1.8381 11.7971
? 2.615 4.0316 9.7376 4.9024
? 1.6106 4.7306 5.8463 5.6613
? 1.0004 6.7791 6.4808 6.8676
14 | 1.904 6.250 6.2644 8.3083
E 1.135 4.6871 6.8684 11.9542

3.2 M3 2aedvesteyanundoszozsesiuiiedaniuuuaunuevi U LI ILAuY

. a
Kolmogorov-Smirnov

Group Statistic df Sig.

*

MTA 1563 15 .200

*

Gl 149 15 .200
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*

CS30 133 15 .200

*

CS50 .156 15 .200

M13199.3 A1 15U s Iuved By UR LA NGUA VAN INAAMNIL AN UEIVIIUAULWILAUTY
Test of Homogeneity of Variances
Gap
Levene Statistic df1 df2 Sig.
153 3 56 927

a 4 an J { ] ' A o o
AT N4 Nﬁ’Jl"~i'l%ﬁﬂ“ll'lﬂﬁ’ﬂﬂ‘llﬂﬂﬂ']’i!,ﬂ‘%EJ‘]JLﬁf;I‘lJﬂ'lmaU"]!i)d’l'l\‘llﬁﬂﬁlﬂﬂ']llLlu’mﬂuﬂ']’]‘llu"mﬂu

suwnuiy
ANOVA
Gap
Sum of Squares df Mean Square F Sig.
Betweer Groups 203.607 3 67.869 13.026 .000]
Within G-oups 291.784 56 5.210
Total 495.391 59
Multiple Comparisons
Gap
Tukey H"D
0 W) B Diffecenca 95% Confidence Interval
Group  Group @i-J) Std. Error Sig. Lower Bound Upper Bound
MTA Gl -3.8643367 | .8335012 .000 -6.071354 -1.657319
CS30 -2.8623537'| .8335012 .006 -5.069371 -.655336
CS50 -4.9577180°| .8335012 .000 -7.164735 -2.750701
Gl MTA 3.8643367| .8335012 .000 1.657319 6.071354
CS30 1.0019829( .8335012 .628 -1.205034 3.209000J
CS50 -1.0933813] .8335012 .559 -3.300399 1.113636
CS30 MTA 2.8623537 .8335012 .006 .6556336 5.069371
Gl -1.0019829| .8335012 .628 -3.209000 1.205034
CS50 -2.0953643 .8335012 .069 -4.302382 111653
CS50 MTA 495771807 .8335012 .000 2.750701 7.164735
Gl 1.0933813| .8335012 .559 -1.113636 3.300399)
CS30 2.0953643| .8335012 .069 -.111653 4.302382

* The m: an difference is significant at the 0.05 level.
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MTA Gl CS30 CS50
1 17 7 15 5
2 22 8 17 5
3 23 8 19 6
4 25 9 20 6
5 30 9 ) 7
6 31 9 25 z
7 31 10 26 8
8 33 10 27 8
9 34 11 27 9
10 35 12 28 10
11 37 12 30 11
12 38 12 31 11
13 40 13 32 12
14 42 15 40 13
15 45 16 40 15
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Kolmogorov-Smirnovtest

gr Statistic df Sig.

MTA 123 15 200’
Gl 147 15 .200°
CS30 .100 15 200’
CS50 145 15 200

82

A15199.3 HadAT I NeEE AveIN TS sy aste IneraanInuEsIniu luasazat

$raeendrvveunalrlusieme dunai14 u

Pairwise Comparisons

MTA Gl CS30 CS50
group | Chi-Square| Sig. | Chi-Square| Sig. | Chi-Square| Sig. | Chi-Square Sig.
Log Rank MTA 33.613 0 3.467 | 0.063| 33.992 0]
Gl 33.613 0 A . 0 2.21 0.137
CS30 3.467 0.063 3T 0] 33.002 0
CS50 | 33.992 0 2.21 0.137} 33.002 0
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