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The purpose of this study is to investigate the marginal adaptation and apatite-forming
ability of varying levels of the water to powder ratio of two brands of the calcium silicate cement.
Three hundred extracted human premolar teeth were decoronated. All root canals were prepared
with ProtaperNEXT size X3. The roots were resected three millimeters from the apices and
retroprepared ultrasonically to three millimeters depth. All apical cavities were randomly divided into
two groups:ProRoot MTA and RetroMTA. Each of the groups was retrofilled with the material
assigned in consistency: thin, thick and normal. Subsequently, all samples were immersed in the
simulating body fluid for four interval times: two, seven, thirty and sixty days. After completing each
immersion time, the samples were examined under scanning electron microscope to measure the
gap distances at the interfaces between the dentin and the surface of the material and study the
topography of the apatite forming on the mature surface with an energy dispersive X-ray
spectrometer(EDX). At the end point, the samples were mesiolingually cut into two halves to
investigate longitudinal gaps in one half and analyze the composition of apatite in the others. All of
the data with the same material were analyzed in two ways ANOVA and Tukey’s test. In the ProRoot
MTA group, significant effects were found in the consistency factor (P<0.05) but not found in the
immersion time factor. A Thin consistency had more gap distance than others (P<0.05). In the
RetroMTA group, both the consistency of material and the immersion time had an effect on the
means of gap distances (P<0.05). The Statistical analysis was revealed that the thick consistency of
RetroMTA had more gap distances than the others. The gap distances between RetroMTA and
dentin in seven days of immersion time were the highest value. Then the gap distances were
reduced due to more immersion time.From the study, varying water to powder ratio of ProRoot MTA

can be used, but the normal consistency of RetroMTA is recommended.

Keyword : RetroMTA, ProRoot MTA, apatite, sealing ability, calcium silicate cement
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AMARNUIN

MANUIN 1 AATITRAIRRETEELTRIIN9A28 Two way ANOVA WAZN5ALATIZN
AedEsEAraidnllsgnianfiianigaansdiuiiszazioan 2-60 94 Futlungu

ADEIIATNLUIT

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 52.477° 11 4.771 2.976 .002
Intercept 571.402 1 571.402| 356.480 .000
Ratio 11.339 2 5.670 3.537 .033
days 8.213 3 2.738 1.708 A71
Ratio * days 32.925 6 5.487 3.423 .004
Error 153.878 96 1.603
Total 777.757 108
Corrected Total 206.355 107

a. R Squared = .254 (Adjusted R Squared = .169)



Dependent Variable: gap

Multiple Comparisons

59

Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) Ratio (J) Ratio J) Std. Error Sig. Lower Bound | Upper Bound
normal  much -6070417 .29841244 110 -1.3174443 1033609
less 1392983 | .29841244 .887 -5711043 .8497009
much normal 6070417 | .29841244 110 -.1033609 1.3174443
less 7463400 .29841244 .037 .0359374 1.4567426
less normal -.1392983 29841244 .887 -.8497009 5711043
much -.7463400 .29841244 .037 -1.4567426 -.0359374

Based on observed means.

The error term is Mean Square(Error) = 1.603.

*. The mean difference is significant at the




Dependent Variable: gap

Multiple Comparisons

60

Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) days (J) days J) Std. Error Sig. Lower Bound | Upper Bound
2d 7d 5554778 |  .34457701 377 -.3454556 1.4564111
30 -.0204630( .34457701 1.000 -.9213963 .8804704
60d 5259422 |  .34457701 426 -.3749911 1.4268756
7d 2d -5554778 | .34457701 377 -1.4564111 .3454556
30 -5759407 | .34457701 .344 -1.4768741 .3249926
60d -.0295356  .34457701 1.000 -.9304689 8713978
30 2d .0204630| .34457701 1.000 -.8804704 9213963
7d 5759407 34457701 344 -.3249926 1.4768741
60d 5464052 |  .34457701 .392 -.35645282 1.4473386
60d 2d -.5259422 34457701 426 -1.4268756 3749911
7d 0295356 | .34457701 1.000 -.8713978 .9304689
30 -.5464052 34457701 .392 -1.4473386 3545282

Based on observed means.

The error term is Mean Square(Error) = 1.603.




MANUIN 2 AATITRALRRLSEELTRIINAE one way ANOVA WAENIFILATIEN

1 a 1 [ c a & [ 1 = o 3 [ 1
mL'aazl‘mzl@mmqmﬂﬂsgmaumL'ammuam'\muwszmwm 30 U %\itﬂuﬂ’é‘l‘&l

ADENIATNLUITING

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 30.168" 2 15.084 10.955 .000
Intercept 180.541 1 180.541 131117 .000
Ratio 30.168 2 15.084 10.955 .000
Error 33.047 24 1.377
Total 243.756 27
Corrected Total 63.215 26

a. R Squared = .477 (Adjusted R Squared = .434)
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Multiple Comparisons

62

Dependent Variable: gap
Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) Ratio (J) Ratio J) Std. Error Sig. Lower Bound | Upper Bound
normal  much 25867222 | 55316215 .000 -3.9681269 -1.2053175
less -1.3915444 | 55316215 .048 -2.7729492 -.0101397
much normal 25867222 | 55316215 .000 1.2053175 3.9681269
less 1.1951778| .55316215 .099 -.1862269 2.5765825
less normal 1.3915444 55316215 .048 .0101397 2.7729492
much -1.1951778| .565316215 .099 -2.5765825 1862269

Based on observed means.

The error term is Mean Square(Error) = 1.377.

*. The mean difference is significant at the




AMANUIN 3 AATILVALRRLTEEETRIIN9AE Two way ANOVA WAENISILATIEN

1 a 1 [ c a & [ 1 = o 8 @ 1
ﬂ']L’Qﬂil‘a"]il@‘H@QQ@QL‘J‘IVI?L@NWL’ﬂﬂﬂﬂﬁu’ﬂmi"lﬂ’)uﬂizﬂ&t’]ﬂ’] 2-60 'mml,ﬂunqu

ADENIATNLUITING

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 190.190° 11 17.290 11.179 .000
Intercept 817.656 1 817.656| 528.675 .000
Ratio 190.822 2 9.911 6.408 .002
days 103.381 3 34.460 22.281 .000
Ratio * days 66.988 6 11.165 7.219 .000
Error 148.475 96 1.547
Total 1156.321 108
Corrected Total 338.665 107

a. R Squared = .562 (Adjusted R Squared = .511)




Dependent Variable: gap

Multiple Comparisons

64

Tukey HSD
Mean 95% Confidence Interval
Difference (I-

(I) Ratio (J) Ratio J) Std. Error Sig. Lower Bound | Upper Bound
normal  much 2793495 29312621 .608 -.4184686 Q771677
less -.7363256 29312621 .036 -1.4341438 -.0385074
much normal -.2793495 29312621 .608 -9rr1er7 4184686
less -1.0156751 .29312621 .002 -1.7134933 -.3178569
less normal 7363256 29312621 .036 .0385074 1.4341438
much 1.0156751" .29312621 .002 .3178569 1.7134933

Based on observed means.

The error term is Mean Square(Error) = 1.547.

*. The mean difference is significant at the




Multiple Comparisons

65

Dependent Variable: gap
Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) days (J) days J) Std. Error Sig. Lower Bound | Upper Bound
2d 7d -1.1811508 | .33847299 .004 -2.0661245 -.2961770
30 2460937 | .33847299 .886 -.6388800 1.1310675
60d 1.5732309 | .33847299 .000 6882572 2.4582047
7d 2d 1.1811508 | .33847299 .004 2961770 2.0661245
30 1.4272445 | 33847299 .000 5422708 2.3122183
60d 2.7543817°| .33847299 .000 1.8694079 3.6393555
30 2d -.2460937 .33847299 .886 -1.1310675 .6388800
7d -1.4272445 .33847299 .000 -2.3122183 -.5422708
60d 1.3271372 33847299 .001 4421634 2.2121110
60d 2d -1.5732309 | 33847299 .000 -2.4582047 -.6882572
7d -2.7543817 | 33847299 .000 -3.6393555 -1.8694079
30 -1.3271372 .33847299 .001 -2.2121110 -.4421634

Based on observed means.

The error term is Mean Square(Error) = 1.547.

*. The mean difference is significant at the




MANUAN 4 AATILRANLRRLSEELTRIIIAE one way ANOVA WAENIFILATIEN

1 a 1 [ c a & [ 1 = Qs 9 [ 1
ﬂ']L’Qﬂil‘a"]il@‘H@QQ@QL‘J‘IVI?L@NWL’ﬂﬂﬂﬂﬁu’ﬂmi"lﬂ’)uﬂizﬂ&t’]ﬂ’] 29U %QLﬂUﬂQN

ADENIATNLUITING

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 19.834° 2 9.917 5.200 .013
Intercept 228.807 1 228.807| 119.978 .000
Ratio 19.834 2 9.917 5.200 .013
Error 45.770 24 1.907
Total 294.410 27
Corrected Total 65.604 26

a. R Squared = .302 (Adjusted R Squared = .244)
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Multiple Comparisons

67

Dependent Variable: gap
Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) Ratio  (J) Ratio J) Std. Error Sig. Lower Bound | Upper Bound
normal  much 1.8622439 | .65099547 .023 2365213 3.4879665
less 1.7705739 | .65099547 .031 1448513 3.3962965
much normal -1.8622439 | .65099547 .023 -3.4879665 -.2365213
less -.0916700( .65099547 .989 -1.7173926 1.56340526
less normal -1.7705739 | 65099547 .031 -3.3962965 -.1448513
much .0916700| .65099547 .989 -1.56340526 1.7173926

Based on observed means.

The error term is Mean Square(Error) = 1.907.

*. The mean difference is significant at the




MANUAN 5 AATILHALRRLSEELTRII9AE one way ANOVA WAENIFILATIEN

1 a 1 [ c a & [ 1 = Qs 9 [ 1
ﬂ']L’Qﬂil‘a"]il@‘H@QQ@QL‘J‘IVI?L@NWL’ﬂﬂﬂﬂﬁu’ﬂmi"lﬂ’)uﬂizﬂ&t’]ﬂ’] 7 U %uﬂunqu

ADENIATNLUITING

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 41.108" 2 20.554 10.089 .001
Intercept 452.149 1 452149 221.935 .000
Ratio 41.108 2 20.554 10.089 .001
Error 48.895 24 2.037
Total 542.152 27
Corrected Total 90.003 26

a. R Squared = .457 (Adjusted R Squared = .411)




Multiple Comparisons

69

Dependent Variable: gap
Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) Ratio (J) Ratio J) Std. Error Sig. Lower Bound | Upper Bound
normal  much -2.0969240 | 67285458 .013 -3.7772351 -.4166129
less -2.9335322 | 67285458 .001 -4.6138433 -1.2532212
much normal 2.0969240 | 67285458 .013 4166129 3.7772351
less -.8366082| .67285458 440 -2.5169193 .8437028
less normal 2.9335322' 67285458 .001 1.2532212 4.6138433
much .8366082| .67285458 440 -.8437028 2.5169193

Based on observed means.

The error term is Mean Square(Error) = 2.037.

*. The mean difference is significant at the




NANUAN 6 AATILRANRRLSEELTRIIAE one way ANOVA WAENIFILATIEI

ALRAETIEALRIRATINSIANTlaNIaNaRsIdIuTIszazI9a 30 AU FaTlungu

ADENIATNLUITING

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 20.702° 2 10.351 9.794 .001
Intercept 191.756 1 191.756| 181.439 .000
Ratio 20.702 2 10.351 9.794 .001
Error 25.365 24 1.057
Total 237.823 27
Corrected Total 46.066 26

a. R Squared = .449 (Adjusted R Squared = .404)
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Multiple Comparisons

71

Dependent Variable: gap
Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) Ratio (J) Ratio J) Std. Error Sig. Lower Bound | Upper Bound
normal  much 1.1993227| .48462164 .052 -.0109167 2.4095621
less -.9403107 | .48462164 149 -2.1505501 .2699287
much normal -1.1993227| .48462164 .052 -2.4095621 .0109167
less -2.1396333"| 48462164 .001 -3.3498727 -.9293939
less normal .9403107 48462164 149 -.2699287 2.1505501
much 2.1396333 | 48462164 .001 .9293939 3.3498727

Based on observed means.

The error term is Mean Square(Error) = 1.057.

*. The mean difference is significant at the




MANUAN 7 AATILRANRRLSEELTRIIIAE one way ANOVA WAENIFILATIEN

ALRAETIEALRIRATINSIANTIaNIaNaRsIdI TSz EzI9a 60 AU FaTlungu

ADENIATNLUITING

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 5.166 2 2.583 2.179 135
Intercept 48.325 1 48.325| 40.773 .000
Ratio 5.166 2 2.583 2179 135
Error 28.445 24 1.185
Total 81.936 27
Corrected Total 33.611 26

a. R Squared = .154 (Adjusted R Squared = .083)
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Dependent Variable: gap

Multiple Comparisons

73

Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) Ratio (J) Ratio J) Std. Error Sig. Lower Bound | Upper Bound
normal  much 15627556 51320665 .952 -1.1288688 1.4343799
less -.8420333 51320665 248 -2.1236577 4395910
much normal -.1527556 51320665 .952 -1.4343799 1.1288688
less -.9947889 51320665 150 -2.2764132 .2868355
less normal .8420333 51320665 .248 -.4395910 21236577
much .9947889 51320665 150 -.2868355 2.2764132

Based on observed means.

The error term is Mean Square(Error) = 1.185.




AANUIN 8 AATILRANRRLSEELTRIIIAE one way ANOVA WAENIFILATIEN

1 a 1 [ c a [ 1 a a - 1
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ADENIATNLUITING

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 41.394° 3 13.798 8.512 .000
Intercept 243.210 1 243.210 150.044 .000
days 41.394 3 13.798 8.512 .000
Error 51.870 32 1.621
Total 336.474 36
Corrected Total 93.264 35

a. R Squared = .444 (Adjusted R Squared = .392)




Multiple Comparisons

75

Dependent Variable: gap
Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) days (J) days J) Std. Error Sig. Lower Bound | Upper Bound
2d 7d 1.7066072 | .60017214 .037 .0805238 3.3326906
30 1.3706957 | .60017214 123 -.2553877 2.9967790
60d 3.0139294 | 60017214 .000 1.3878461 4.6400128
7d 2d -1.7066072 | .60017214 .037 -3.3326906 -.0805238
30 -.3359116( .60017214 .943 -1.9619949 1.2901718
60d 1.3073222 .60017214 151 -.3187612 2.9334056
30 2d -1.3706957| .60017214 123 -2.9967790 .2553877
7d 3359116 .60017214 943 -1.2901718 1.9619949
60d 1.6432338 .60017214 .047 .0171504 3.2693172
60d 2d -3.0139294°| 60017214 .000 -4.6400128 -1.3878461
7d -1.3073222 .60017214 151 -2.9334056 3187612
30 -1.6432338 .60017214 .047 -3.2693172 -.0171504

Based on observed means.

The error term is Mean Square(Error) = 1.621.

*. The mean difference is significant at the




MANUAN 9 AATILRANRRLSEELTRIINAE one way ANOVA WAENIFILATIEN

1 a 1 [ c a [ 1 v o I 1
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ADENIATNLUITING

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 63.616" 3 21.205 11.343 .000
Intercept 400.526 1 400.526| 214.256 .000
days 63.616 3 21.205 11.343 .000
Error 59.820 32 1.869
Total 523.962 36
Corrected Total 123.436 35

a. R Squared = .515 (Adjusted R Squared = .470)
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Multiple Comparisons

77

Dependent Variable: gap
Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) days (J) days J) Std. Error Sig. Lower Bound | Upper Bound
2d 7d -2.9974989 | 64452875 .000 -4.7437604 -1.2512374
30 -1.3401889| .64452875 182 -3.0864504 4060726
60d 4013222 .64452875 .924 -1.3449393 2.1475837
7d 2d 2.9974989 | 64452875 .000 1.2512374 4.7437604
30 1.6573100| .64452875 .068 -.0889515 3.4035715
60d 3.3988211 | 64452875 .000 1.6525596 5.1450826
30 2d 1.3401889| .64452875 182 -.4060726 3.0864504
7d -1.6573100| .64452875 .068 -3.4035715 .0889515
60d 1.7415111 64452875 .051 -.0047504 3.4877726
60d 2d -.4013222 64452875 .924 -2.1475837 1.3449393
7d -3.3988211°| 64452875 .000 -5.1450826 -1.6525596
30 -1.7415111 64452875 .051 -3.4877726 .0047504

Based on observed means.

The error term is Mean Square(Error) = 1.869.

*. The mean difference is significant at the




AMANUAN 10 ALATITIAILRRESLLLTRIINIA2E one way ANOVA LAZN15ILASIEN

1 a 1 [ c a [ 1 = - 1
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ADENIATNLUITING

Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 63.616" 3 21.205 11.343 .000
Intercept 400.526 1 400.526| 214.256 .000
days 63.616 3 21.205 11.343 .000
Error 59.820 32 1.869
Total 523.962 36
Corrected Total 123.436 35

a. R Squared = .515 (Adjusted R Squared = .470)




Multiple Comparisons

79

Dependent Variable: gap
Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) days (J) days J) Std. Error Sig. Lower Bound | Upper Bound
2d 7d -2.9974989 | 64452875 .000 -4.7437604 -1.2512374
30 -1.3401889| .64452875 182 -3.0864504 4060726
60d 4013222 .64452875 .924 -1.3449393 2.1475837
7d 2d 2.9974989 | 64452875 .000 1.2512374 4.7437604
30 1.6573100| .64452875 .068 -.0889515 3.4035715
60d 3.3988211 | 64452875 .000 1.6525596 5.1450826
30 2d 1.3401889| .64452875 182 -.4060726 3.0864504
7d -1.6573100| .64452875 .068 -3.4035715 .0889515
60d 1.7415111 64452875 .051 -.0047504 3.4877726
60d 2d -.4013222 64452875 .924 -2.1475837 1.3449393
7d -3.3988211°| 64452875 .000 -5.1450826 -1.6525596
30 -1.7415111 .64452875 .051 -3.4877726 .0047504

Based on observed means.

The error term is Mean Square(Error) = 1.869.

*. The mean difference is significant at the 0
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Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 16.982° 2 8.491 11.830 .001
Intercept 19.528 1 19.528 27.207 .000
Ratio 16.982 2 8.491 11.830 .001
Error 12.920 18 718
Total 49.430 21
Corrected Total 29.902 20

a. R Squared = .568 (Adjusted R Squared = .520)



Multiple Comparisons

81

Dependent Variable: gap
Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) Ratio (J) Ratio J) Std. Error Sig. Lower Bound | Upper Bound
normal  much 1.4361000 | .45285300 014 2803452 2.5918548
less 2.1645286 | 45285300 .000 1.0087738 3.3202833
much normal -1.4361000 | 45285300 014 -2.5918548 -.2803452
less 7284286 | .45285300 268 -.4273262 1.8841833
less normal -2.1645286 | 45285300 .000 -3.3202833 -1.0087738
much -. 7284286 45285300 .268 -1.8841833 4273262

Based on observed means.

The error term is Mean Square(Error) = .718.

*. The mean difference is significant at the
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Tests of Between-Subjects Effects

Dependent Variable: gap

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 9.932° 2 4.966 9.545 .001
Intercept 24.780 1 24.780 47.630 .000
Ratio 9.932 2 4.966 9.545 .001
Error 9.365 18 520
Total 44.077 21
Corrected Total 19.297 20

a. R Squared = .515 (Adjusted R Squared = .461)



Dependent Variable: gap

Multiple Comparisons

83

Tukey HSD
Mean 95% Confidence Interval
Difference (I-
(I) Ratio (J) Ratio J) Std. Error Sig. Lower Bound | Upper Bound
normal  much -1.6834286 38554897 .001 -2.6674125 -.6994447
less -.8952857 .38554897 .078 -1.8792696 .0886982
much normal 1.6834286 38554897 .001 .6994447 2.6674125
less .7881429 .38554897 130 -.1958410 1.7721267
less normal .8952857 38554897 .078 -.0886982 1.8792696
much -.7881429 .38554897 130 -1.7721267 .1958410

Based on observed means.

The error term is Mean Square(Error) = .520.

*. The mean difference is significant at the
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