CHAPTER FIVE

RESULTS
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5.1. Compatibility between finger spreaders and a&ssory core
materials (Gutta-percha and RealSeal)

Appendix 1l, Table A (Page 181) shows the diameitrl2 stainless-steel finger
spreaders, size medium and 24 accessory guttagpembk material, size medium and
24 accessory RealSealore material, size medium. The mean diameterfifayer
spreaders at 1 mm (D1), 3 mm (D3) and 6 mm (Dénfthe spreader tip were 0.241
mm, 0.349 mm and 0.497 mm respectively. The meamelier for accessory gutta-
percha cores at 1 mm (D1), 3 mm (D3) and 6 mm (@8 the gutta-percha core tip
were 0.214 mm, 0.332 mm and 0.482 mm respectivelynaean diameter for accessory
RealSeal cores at 1 mm (D1), 3 mm (D3) and 6 mm (D6) from tip of the core were
0.214 mm, 0.333 mm and 0.491 mm respectively. Teamdiameter of accessory core
materials was smaller than the mean diameter efsi@rs. The results indicated that the

sizes of finger spreaders and accessory core ralsterere compatible.

5.2. Post-operative radiographic evaluation

Post-operative radiographs taken to evaluate thétgwf obturation showed that each
root filling had variable degree of radio-densitye criteria used to evaluate adaptation
of the filling materials to the root canal wall wassessed as either acceptable when no
visible voids were present, or unacceptable wheibk voids were present. After
assessing all specimens, the worst two cases libatesl visible voids were discarded.

These were replaced with another two acceptablyrate#d canals.

5.3. Time taken for obturation

The obturation time for each tooth is shown in Apgig 1l, Table B (Page 182). Mean
time taken for each technique and material is shiowhable 5.1. One-way analysis of
variance (ANOVA) showed that the mean differencevieen the obturation groups is

significantly different (p=0.000) (Appendix I, Thb C, Page 182). However, the
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variances were not similar and homogeneity of vexés assumption was not met
(p=0.033) (Appendix Il, Table D, Page 182). Thuduher analysis was done using
the multiple comparisons (Dunnetts T3) (Appendix Taeble E, Page 183). Mean
obturation time for the lateral compaction of Reab (LC/R) (12.12 minutes) and
lateral compaction of gutta-percha (LC/GP) (11.3@utes) were significantly longer
than both warm vertical “continuous wave” techniqWgvVCW) and warm vertical
compaction of injected RealSeal(6.63 minutes) and gutta-percha (6.32 minutes)
(p=0.000, 0.000) (Appendix II, Table E, Page 18®)ereas, there was no significant
difference between both warm vertical compactiatmegues (p=0.821) (Appendix Il,
Table E, Page 183). Also, there was no signifiadifference between both lateral

compaction techniques (p=0.072) (Appendix I, Tabléage 183).

Table 5.1 Mean times (minutes) taken for obturation

Group Mean Std. Deviation N
LC/RealSeal 12.1200* 79586 16
LC/Gutta-percha 11.3019* .94429 16
WC/RealSeal 6.6344 94134 16
WC/Gutta-percha 6.3281 51355 16
Total 9.0961 2.77123 64

"Significantly different from other groups (p<0.01).
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5.4. Extrusion of filling materials through apicalforamen

The extrusion of the filling materials for each tftoas shown in Appendix Il, Table F
(Page 183). The percentages for non extrusion sigaxtrusion are shown in Table 5.2.
Figure 5.1 displays the extrusion compared to ndrusion of filling materials. Two
specimens obturated by lateral compaction of RedlSE.C/R) showed apical
extrusions, whereas for lateral compaction of gnéecha (LC/GP), there was only one
specimen. For warm vertical “continuous wave” téghe (WVCW) of RealSeal,
apical extrusion occurred in five specimens, whera warm vertical “continuous
wave” technique (WVCW) of gutta-percha, there wiengr apical extrusion cases. The
chi-square test gave a Pearson value of 4.103 iohwdtvalue = 0.251 (df=3). Hence,
there were no significant differences between extru and the filling materials used
and techniques utilized (p=0.25b\t there were less apical extrusions from lateral
compaction (LC) compared to warm vertical “continsovave” technique (WVCW)

regardless of the materials used as shown in Appéhdable G (Page 183).
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Table 5.2 Extrusion cross tabulation

Extrusion

No Yes | Total

Group | LC/ RealSeal Count 14 2 16
% within Group| 87.5% | 12.5% | 100%

LC/Gutta-percha Count 15 1 16
% within Group| 93.8% | 6.3% [ 100%

WC/ RealSeal Count 11 5 16
% within Group| 68.8% | 31.3% | 100%

WC/Gutta-percha Count 12 4 16
% within Group| 75.0% | 25.0% [ 100%

Total Count 52 12 64
% within Group| 81.3% | 18.8% | 100%

No significant differences between groups (p>0.05).

Extrusion

No
. = Yes

12

10

LC/RealSeal LC/Gutta-percha WVCW/RealSeal

Groups

WVCW/Gutta-percha

Figure 5.1 Extrusion of filling materials against ro extrusion.




5.5. Percentages of canal area occupied by fillingore materials
(RealSeal” and gutta-percha), sealers and voids

Appendix Il, Tables H, I, J, K, L and M (Pages 18B) show the percentages of canal
area occupied by filling core materials (RealSeahd gutta-percha), sealers and voids

at 1 mm (L1), 3 mm (L3) and 6 mm (L6) respectively.

5.5.1. First section (L1)

A. Mean percentages of canal area occupied by fitij core materials,
sealers and voids

Table 5.3 and Figure 5.2 show the mean percentaigeanal area occupied by filling
core materials (RealSealand gutta-percha), sealers (RealSesaler and AH-PIUS)
and voids at L1 by using both techniques (late@ngaction and warm vertical
“continuous wave” techniques). For comparison #infi materials, there was higher
mean percentage of RealSedilling core using the lateral compaction techréc(ilLC)
compared with gutta-percha using the same technidqoeever, when using the warm
vertical “continuous wave” technique (WVCW), onlysenall difference in mean was
noted between both filling core materials (RealSeaid gutta-percha). For sealers and
voids, there were also small differences in mearcgmages using either lateral
compaction (LC) or warm vertical “continuous wavéichnique (WVCW). For
comparison of obturation techniques, in either Real" or gutta-percha groups, there
were small differences in mean percentages betve¢eral compaction (LC) and warm
vertical “continuous wave of condensation” (WVCV¥Y filling core materials, sealers

and voids.
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Table 5.3 Mean percentages of filling core material s, sealers and voids using lateral

compaction (LC) and warm vertical “continuous wave” techniques (WVCW) at L1
Filling cores Sealers Voids
Std. Std. Std.
Technique Type Mean | Deviation| Mean | Deviation| Mean | Deviation

LC RealSeal .8700 .07254 .1193 .06604 .0121 01122
Gutta-percha .7793 11634 .1893 11113 .0313 .03137

WVCW RealSeal .8493 .06545 1250 .06549 .0271 .02463
Gutta-percha .8187 .09226 1447 .08667 .0367 .03579

100%
0 85%
809 Sl 78% — 82%
0 —
60% - O Filling core
Hl Sealer
40% - O Voids
19% 14%
20% 12% 12%
3% 3% 4%
1%
0%
RealSeal Gutta-percha RealSeal Gutta-percha
LC WVCW

Figure 5.2 Mean percentages of filling cores (Rea@l" and gutta-percha), sealers
and voids using lateral compaction (LC) and warm veical “continuous wave”
techniques (WVCW) at L1.
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B. Effect of different materials and different techhiques on percentages
of filling core materials, sealers and voids

Two-way analysis of variances (ANOVA) was employedietect the effect of different
materials and different techniques on percentagddliog core materials, sealers and
voids at L1. The assumption of variables normalistributed and equality of variances
was checked. Filling core materials (RealSeaind gutta-percha) and voids were
normally distributed (p=0.081, 0.200, 0.068, 0.183pwever, RealSeal sealer and
AH-Plus” were not distributed normally (p=0.007, 025) [Apgi II, Tables N and O
(Page 190) and Figures A, B, C, D, E and F (Pads193)]. Table 5.4 shows the
effect of different materials and different techueg on percentages of filling core
materials, sealers and voids at L1. For comparisbriilling materials, there was
significant difference between RealSeand gutta-percha core materials (p=0.013).
However, there were no significant differences leetv both groups for sealers and
voids (p=0.053, 0.052). For comparison of obturati@chniques, there were no
significant differences between the two techniqype®.663, 0.367, 0.172).

Table 5.4 The effect of different materials and dferent techniques on percentages
of filling core materials, sealers, and voids at L1

Dependent | Sum of Mean Partial Eta|
Source Variable Squareg df | Square| F | Sig.| Squared
Technique Filling cores | .002 | 1 .002 191 | .663 .003
LC and Sealers 006 |1 .006 .826 | .367 .015
WVCW Voids 001 |1 .001 |1.919|.172 .034
Type Filling cores | .053 | 1 .053 |[6.571 .013 .107
RS and GP | Sealers 029 |1 .029 |4.010/ .053 .068

Voids 003 |1 .003 |3.950( .052 .067
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Since there was significant difference in mean @aage between filling core
materials, independent sampleest was applied. RealSeatore material occupied a
significantly higher area compared to gutta-peraigng the lateral compaction
technique (LC) (p=0.019) as shown in Table 5.5. By, there was no significant
difference in mean percentage for RealSeabre material compared to gutta-percha
core material using the warm vertical “continuowsse’’ technique (WVCW) (p=0.315)
(Table 5.6).

Table 5.5 The effect of different materials on thenean percentages of filling core
materials using lateral compaction technique (LC) &L1

RealSeal

Gutta-percha t-test* p value
(n=14) (n=15) (df)
Area Mean (SD) Mean (SD)
Filling cores .87 (.073) .78 (.116) 2.50 (27)2| .019

*Independent sampltest was applied.

a. Equal variances assumedefie's test, p=0.065).

Table 5.6 The effect of different materials on thenean percentages of filling core
materials using warm vertical “continuous wave” tetinique (WVCW) at L1

RealSeal Gutta-percha t-test* p value
(n=14) (n=15) (df)
Area Mean (SD) Mean (SD)
Filling cores .85 (.065) .82 (.092) 1.02 (27)2| .315

*Independent sampletest was applied.

a. Equal variances assurhedgne’s test, p=0.402).
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5.5.2. Second section (L3)

A. Mean percentages of canal area occupied by fitlij core materials,
sealers and voids

Table 5.7 and Figure 5.3 show the mean percentagesnal area occupied by filling
core materials (RealSealand gutta-percha), sealers and voids at L3 bygubisth
techniques (lateral compaction and warm verticamgaction techniques). For
comparison of filling materials, there was smalle@an percentage of gutta-percha in
lateral compaction (LC) compared with RealSealore material using the same
technique, but greater mean percentages of seatev@ids in gutta-percha than in
RealSeal group. Whereas, when using the warm vertical ‘icomius wave” technique
(WVCW), only a small difference in mean percentages noted between filling core
materials, sealers and voids. For comparison afrabbn techniques, there was smaller
mean percentage of gutta-percha but greater meeseriage of sealer in lateral
compaction (LC) compared with warm vertical compact(WVCW and WVCI).
Whereas, comparison of both techniques showed emalifferences in mean

percentages for RealSéeatore material and sealer.

95



Table 5.7 Mean percentages of filling core material s, sealers and voids using lateral
compaction (LC) and warm vertical compaction techni ques (WVCW and WVC1) at L3

Filling cores Sealers Voids
Std. Std. Std.
Technique Type Mean | Deviation| Mean | Deviation | Mean | Deviation
LC RealSeal .8893 | .04743 | .0973 .04267 | .0120| .01082
Gutta-percha| .7900 | .08367 | .1733 .07566 | .0387 | .03681
wC RealSeal .9027 | .04096 | .0773 .03807 | .0200| .01512
Gutta-percha| .8753 | .05604 | .1033 .05367 | .0200| .01648

100%
89% 90% 88%
80% - 80% [ ]
60% - OFilling core
B Sealer
40% - O Voids
16%
20% 1 10% 10%
0, 8% 0, 0,
1% 4% 2% 2%
0%
RealSeal | Gutta-percha| RealSeal | Gutta-percha
LC WC (WVCW&WVCI)

Figure 5.3 Mean percentages of filling cores (Rea@l" and gutta-percha), sealers
and voids using lateral compaction (LC) and warm veical compaction techniques
(WVCW and WVC1) at L3.
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B. Effect of different materials and different techhiques on percentages
of filling core materials, sealers, and voids

Two-way analysis of variances (ANOVA) was employedietect the effect of different
materials and different techniques on percentafiédliog core materials, sealers and
voids at L3.The assumption of variables normally distributed aguality of variances
was checked. Filling core materials (RealSeand gutta-percha) and voids were
normally distributed (p=0.081, 0.200, 0.068, 0.183pwever, RealSeal sealer and
AH-Plus” were not distributed normally (p=0.007, 025) [Appi II, Tables N and O
(Page 190) and Figures A, B, C, D, E and F (Pa@is193)]. Table 5.8 shows the
effect of different materials and different techueg on percentages of filling core
materials, sealers and voids at L3. For comparigofiilling materials, there were
significant differences between both groups fdmilj core materials, sealers and voids
(p=0.000, 0.001, 0.029). For comparison of obtoratechniques, there were significant
differences between both techniques for filling ecanaterial and sealer (p=0.003,
0.003).

Table 5.8 The effect of different materials and dferent techniques on percentages
of filling core materials, sealers, and voids at L3

Dependent | Sum of Mean Partial Eta
Source Variable Squares| df | Square F Sig. | Squared
Technique | Filling cores| .037 1 .037 | 9.616 | .003 144
LC and Sealers .030 1 .030 | 9.858 | .003 147
wWC Voids .000 1 .000 .803 | .374 .014
Type Filling cores| .060 1 .060 | 15.848| .000 218
RS and GP | Sealers .039 1 .039 | 12.662| .001 .182

Voids .003 1 .003 | 5.020 | .029 .081
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Since there were significant differences for fiffimaterials and obturation techniques,
independent sampletest and Mann-Whitney U test were applied. For canispn of
filing materials, using the lateral compaction heue, there were significant
differences between RealSéaind gutta-perchor filling core materials, sealers and
voids (p=0.000, 0.021, 0.002) (Tables 5.9 and 5.Hywever, in warm vertical
compaction (WVCW and WVCI), there were no signifitadifferences between
RealSeal and gutta-percha for filling core materials, sesakend voids (p=0.138, 1.00,
0.138) (Tables 5.11 and 5.12). For comparison dfiration techniques, there was
significant difference between lateral compactiord avarm vertical compaction of
gutta-percha (WVCW and WVCI) for gutta-percha coraterial and sealer (p=0.003,
0.007) (Table 5.13). However, there was no sigaificdifference between lateral
compaction (LC) and warm vertical compaction of Beai" (WVCW and WVCI) for

core material and sealer (p=0.417, 0.186) (Takld)5.

Table 5.9 The effect of different materials on thenean percentages of filling core
materials and voids using lateral compaction techigue (LC) at L3

RealSeal Gutta-percha t-test* P value
(n=15) (n=14) (df)
Area Mean (SD) Mean (SD)
Filling cores 89 (.047) .80 (.068) 3.98 (27)* | .000
Voids 01 (.011) .04 (.038) | -2.58 (14.95) | .021

*Independent samplkest was applied.
c¢. Equal variances not assumed (Levene’s test,qd).

Table 5.10 The effect of different materials on thenean percentages of sealers

a. Equal variances assuthedene’s test, p=0.172).

using lateral compaction technique (LC) at L3

RealSeal Gutta-percha U-test* P value
(n=15) (n=14) 2

Area Mean Rank (SR)| Mean Rank (SR)

Sealers 10.37 (155.50) | 19.96 (279.50) | 35.50 (-3.04)| .002

*Mann-Whitney U test was applied.




Table 5.11 The effect of different materials on thenean percentages of filling core
materials and voids using warm vertical compactiontechnique (WVCW and

WVCI) at L3
RealSeal Gutta-percha t-test* P value
(n=15) (n=15) (df)
Area Mean (SD) Mean (SD)
Filling cores .90 (.041) .88 (.056) 153 (28)* | .138
Voids .02 (.015) 02 (.016) 000 (28§ | 1.00

*Independent samplkest was applied.

c¢. Equal variances assumed (Levene’s test, p=0.457)

a. Equal variances assurhedgne’s test, p=0.485).

Table 5.12 The effect of different materials on thenean percentages of sealers
using warm vertical compaction technique (WVCW andWVCI) at L3

RealSeal Gutta-percha U-test* P value
(n=15) (n=15) @

Area Mean Rank (SR)| Mean Rank (SR)

Sealers 13.13 (197) 17.87 (268) | 77 (-1.49) | .138

*Mann-Whitney U test was applied.

Table 5.13 The effect of different techniques on th mean percentages of gutta-
percha core material and sealer at L3

Lateral compaction Warm compaction| t-test P value
(n=14) (n=15) (df)
Area Mean (SD) Mean (SD)
Gutta-percha .80 (.068) .88 (.056) -3.28(28)2| .003
Sealer .16 (.055) .10 (.054) 2.92 (28) .007

*Independent sampktest was applied.

b. Equal variances assumed (Levene’s test, p=.340).

a. Equal variances assumeudhe’s test, p=.213).

Table 5.14 The effect of different techniques on thmean percentages of RealSeal
core material and sealer at L3

Lateral compaction Warm compaction| t-test P value
(n=15) (n=15) (df)
Area Mean (SD) Mean (SD)
RealSeal .89 (.047) .90 (.041) -.82 (28)2| .417
Sealer .10 (.043) .08 (.038) 1.35 (28) .186

*Independent sampletest was applied.

b. Equal variances assumed (Levene’s test, p=.805).

a. Equal variances assumetghe’s test, p=.909).
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5.5.3. Third section (L6)

A. Mean percentages of canal area occupied by fitlig core materials,
sealers and voids

Table 5.15 and Figure 5.4 show the mean percentaigeanal area occupied by filling
core materials (RealSealand gutta-percha), sealers and voids at L6 bygubisth
techniques (lateral compaction technique and waemical compaction of injected
materials). For comparison of filling materialsetd were small differences in mean
percentages between both groups for filling cordensls, sealers and voids using
lateral compaction (LC). Also, when using warm wait compaction of injected
materials (WVCI), small differences in mean pereges were noted between both
groups for filling core materials, sealers and goifor comparison of obturation
techniques, in either RealSeabr gutta-percha groups, there was a smaller mean
percentage of filling core materials but greateempercentages of sealers and voids in
lateral compaction (LC) compared with warm verticaipaction of injected materials

(WVCI).
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Table 5.15 Mean percentages of filling core materig, sealers and voids using
lateral compaction and warm vertical compaction ofinjected materials (WVCI) at
L6

Filling cores Sealers Voids

Std. Std. Std.
Technique | Type Mean | Deviation| Mean | Deviation| Mean| Deviation
LC RealSeal .9027| .03973 | .0813| .03944 | .0153| .00640
Gutta-percha | .9073| .04026 | .0727| .03575 |.0193| .01033
WVCI | RealSeal 96M | .01477 | .0271| .01069 | .0057| .00646
Gutta-percha | .9547| .02532 | .0393| .02344 | .0073| .00704

100% 97% 95%

90% 91% —
80% -
60% - @ Filling core

| Sealer
40% - O Voids
20% -
8% 7%
2% 2% 2.7% 4%
0% 0.6% 1%
RealSeal | Gutta-perch RealSeal | Gutta-percha
LC WVCI

Figure 5.4 Mean percentages of filling cores (Rea@l" and gutta-percha), sealers
and voids using lateral compaction and warm vertich compaction of injected
materials (WVCI) at L6.
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B. Effect of different materials and different techhiques on percentages
of filling core materials, sealers, and voids

Two-way analysis of variances (ANOVA) was employedietect the effect of different
materials and different techniques on percentagddliog core materials, sealers and
voids at L6.The assumption of variables normally distributed aguality of variances
was checked. Filling core materials (RealSeaind gutta-percha) and voids were
normally distributed (p=0.081, 0.200, 0.068, 0.183pwever, RealSeal sealer and
AH-Plus” were not distributed normally (p=0.007, 025) [Apgi II, Tables N and O
(Page 190) and Figures A, B, C, D, E and F (Pa§é4s193)]. Table 5.16 shows the
effect of different materials and different techueg on percentages of filling core
materials, sealers and voids at L6. For comparidofilling materials, there was no
significant difference between groups for fillingpre materials, sealers and voids
(p=0.626, 0.841, 0.164). For comparison of obtoratechniques, there was significant
difference between lateral compaction (LC) and wasrtical compaction of injected
materials (WVCI) for filling core materials, seaeand voids (p=0.000, 0.000, 0.000).

Table 5.16 The effect of different materials and dierent techniques on
percentages of filling core materials, sealers, anbids at L6

Dependent Sum of Mean Partial Eta|
Source Variable Squareq df | Square F Sig. Squared
Technique | Filling cores 046 | 1 | .046 | 44.981| .000 445
LC and Sealers .028 | 1 | .028 | 31.076| .000 .357
WVCI Voids .002 | 1| .002 | 29.133| .000 342
Type Filling cores .000 | 1 | .000 241 .626 .004
RS and GP | Sealers .003 | 1| .003 | .041 .841 .001

Voids .000 | 1| .000 | 1.990 | .164 .034
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Since there were significant differences for oloratechniques, independent sample
t-test was applied. There were significant differsnge mean percentages between
lateral compaction (LC) and warm vertical compaztas injected RealSeal (WVCI)

for RealSeal core material, sealer and voids at L6 (p=0.0000@, 0.000) (Table
5.17). There were also significant differences leetw lateral compaction (LC) and
warm vertical compaction of injected gutta-perchdV(CI) for gutta-percha core
material, sealer and voids at L6 (p=0.001, 0.00800) (Table 5.18).

Table 5.17 The effect of different techniques on thmean percentages of RealSeal
core material, sealer and voids at L6

LC WVCI t-test P value
(n=15) (n=14) (df)
Area Mean (SD) Mean (SD)
RealSeal .90 (.040) .97 (.015) | -5.93(18.03) | .000
Sealer .08 (.040) .03 (.011) 5.12 (16.18) .000
Voids .02 (.006) .01 (.006) 4.03 27) | .000

*Independent sampletest was applied.
b. Equal variances not assumed (Levene’s test,(39).
c. Equal variances assumed (Levene’s test, p=0.979

Table 5.18 The effect of different techniques on th mean percentages of gutta-

a. Equal variances not asslithevene’s test, p=0.015).

percha core material, sealer and voids at L6

LC WVCI t-test P value
(n=15) (n=14) (df)
Area Mean (SD) Mean (SD)
Gutta-percha | .91 (.040) .95 (.025) -3.86 (28)2 .001
Sealer .07 (.036) .04 (.023) 3.02%28) .005
Voids .02 (.010) .01 (.007) 3.72 (28 .001

*Independent sampltest was applied.

b. Equal variances assumed (Levene’s test, p=0.143)
c. Equal variances assumed (Levene’s test, p=0.398

a. Equal variances assumedefie's test, p=0.139).
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5.6. Quality of the obturation

5.6.1. Root canal shapes

Root canals had different shapes at each crossiseét 1 mm (L1) most canals were
round in shapex75%) after preparation; however, some canals weoelfrregular in
cross-section25%) (Table 5.19). At 3 mm (L3), approximately haffthe canals were
round and the other half were ovoid/irregular (Eabl20). The third section at 6 mm

(L6) had a greater number of ovoid/irregular shapé5%) than round (Table 5.21).

5.6.2. Lateral compaction of RealSeal(LC/R)

The photomicrographs (Figure 5.5) show cross-sestat L1, L3 and L6 of lateral
compaction of RealSeal The RealSeal appeared to be rough and homogenous in the
best cross-sections, whereas in the poorest oreifBen No. 14, L1), the RealSeal
appeared as an irregular, coalescent mass withs vaidi pooled sealer around the
perimeter of the root canal due to the failure lbé tbonding to the canal wall.
Sometimes, long gaps were present between Real®eat materials and sealer. No
sealer was evident between the filling cores. Tlhgrmty of voids were associated with
the long areas of sealer. It was obvious that tba af sealer decreased coronally, while

that of RealSeal core material increased.

5.6.3. Lateral compaction of gutta-percha (LC/GP)

The photomicrographs (Figure 5.6) show cross-sestiat L1, L3 and L6 of lateral

compaction of gutta-percha. The gutta-percha magseaed to be smooth and
homogenous at the best cross-sections, whereaethest cross-section (Specimen No.
5, L1) showed an irregularly shaped coalescent mibsvoids and pools of sealer at
the perimeter of the canal. Some filling core matewere attached to each other with
obvious sealer between the filling cores. Voids aedler were seen along canal walls
in most cross-sections. The majority of voids wassociated with larger quantities of
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sealer. It was obvious that the area of sealeredsed coronally, while that of gutta-

percha core material increased.

5.6.4.Warm vertical compaction of RealSeal (WC/R)

The photomicrographs (Figure 5.7) show cross-sestat L1 of WVCW, at L3 of WC
(WVCW and WVCI) and L6 of WVCI of RealSeal The best cross-sections at L1, L3
and L6 produced close adaptation like mono-blockh®canal wall. RealSeahad a
rough and homogenous view in most specimens. Hawéwe poorest cross-section
(Specimen No. 9, L1), failed to bond to the canallvand showed the single core
without enough compaction particularly at L1. Theses better adaptation and bonding

to the canal wall at L3 and L6.

5.6.5. Warm vertical compaction of gutta-percha (W@GP)

The photomicrographs (Figure 5.8) show cross-sestat L1 of WVCW, at L3 of WC
(WVCW and WVCI) and L6 of WVCI of gutta-percha. Thest cross-sections at L1
demonstrated close adaptation of the master getizip core material to the canal wall.
For the poorest cross-section (Specimen No. 12, th&) warm gutta-percha failed to
adapt to the canal wall and showed the single watigout enough compaction. This
was associated with large areas of sealer and \abittee periphery of the filling core.
There was a distinct difference between L1 and rokeels. At L3 and L6, it was
observed that gutta-percha had a smooth and horoogeriew in most specimens.
However, in some cross-sections at L3 (SpecimenlNpL3), the filling core did not
blend with the backfilling. There was close adaptabetween the gutta-percha mass

and canal wall. Sealer lining the canal wall wasfrequently observed.
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Table 5.19 Shapes of root canals at L1

Shape | technique Material Number
Round LC RealSeal 11
Gutta-percha 10
Irregular LC RealSeal 3
Gutta-percha 5
Round wcC RealSeal 11
Gutta-percha 12
Irregular e RealSeal 3
Gutta-percha 3
Table 5.20 Shapes of root canals at L3
Shape technique Material Number
Round LC RealSeal 7
Gutta-percha 6
Irregular LC RealSeal 8
Gutta-percha 8
Round WC RealSeal 8
Gutta-percha 7
Irregular WC RealSeal 7
Gutta-percha 8
Table 5.21 Shapes of root canals at L6
Shape technique Material Number
Round LC RealSeal 5
Gutta-percha 6
Irregular LC RealSeal 10
Gutta-percha 9
Round WC RealSeal 6
Gutta-percha 5
Irregular WC RealSeal 8
Gutta-percha 10

106



Figure 5.5 Photomicrographs of specimens utilizingC/R at L1, L3 and L6
Specimen number 1 to 8
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Figure 5.5 Continued ....
Specimen number 9 to 15
L1 L3 L6
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Figure 5.6 Photomicrographs of specimens utilizinggC/GP at L1, L3 and L6.
Specimen number 1 to 8
L1 L3 L6
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Figure 5.6 Continued ....
Specimen number 9 to 15

<
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Figure 5.7 Photomicrographs of specimens utilizingvC/R at L1, L3 and L6.
Specimen number 1 to 8
L1 L3 L6
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Figure 5.7 Continued ....
Specimen number 9 to 15
L1 L3 L6
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Figure 5.8 Photomicrographs of specimens utilizingyC/GP at L1, L3 and L6.
Specimen number 1 to 8
L1 L3 L6
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Figure 5.8 Continued ....
Specimen number 9 to 15

L1
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5.7. Reliability test

Data on the reliability test in this study is aadile in Appendix Il, Table P (Page 194).
Appendix Il, Table Q (Page 195) shows the mearsébected specimens. Appendix Il,
Table R (Page 195) shows the correlation betweenmg&asurements. Appendix I,
Table S (Page 195) does not show any significafiérdnce between the first and
second measurements. The reliability test showtsthiese was correlation between the
first and second measurements. Variations in tmalcarea occupied by filling core
materials (RealSealand gutta-percha), sealers and voids were nelgligitherefore,

reproducibility of the evaluation method was acebfs.

5.8. Scanning electron microscopy

One specimen from each group was randomly selesmedexamined under a field-
emission gun scanning electron microscope (FESHMhe experimental groups, the
results revealed excellent coupling of RealSemdrematerial to RealSeal sealer and
showed good adaptation for RealSedilling material. Also, no gap was observed
along the filling-root dentine interface at diffatemagnifications (200x%, 600%, 1000x
and 4000x) (Figures 5.9, 5.10, 5.11 and 5.12). Hewefissures and gaps were
observed at the filling-root dentine interface e tgutta-percha specimens. The widest
gap observed for lateral compaction of gutta-peltl@&GP) was about 4 um wide at
high magnification (4000x). However, for warm vedali compaction of gutta-percha
(WC/GP) it was about 3 um wide at the same magtiba. Resin tags were visible at
the filling-root dentine interface in the experinngroups. However, in the control
groups, such tags were not obsen@enerally, RealSealfilling material provided a
more consistent adaptation compared with guttakgeat the examined regions (1 mm-
6 mm from the apex) of the filling-dentine intefadGutta-percha and AH-Pluson
the other hand, failed to produce a complete atlaptand there was evidence of a

space at the tooth-filling interface.
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IL"'-.*'luttal-pue rcha

& AH-Plus”

Fig 5.9(A) Low power SEM (200x) micrograph of a
longitudinal section of a rod filled with GP using
LC, taken at a level between 1 and 6 mm from the
apex. The gap (arrow) is evident at the sealer-demig
interface. The sealer (S) is evident between filln
cores.

Dentine

Fig 5.9(C) Low power SEM (200x) micrograph of a
longitudinal section of a root filled with GP usig
WC, taken at a level between 1 and 6 mm from the
apex.

Dentine

Fig 5.9(B) Low power (200x) micrograph of a
longitudinal section of a root filled with resin utlizing
LC, taken at a level between 1 and 6 mm from the
apex. No gap is evident between the resin filling
material and dentine.

Dentine

Fig 5.9(D) Low power (200x) micrograph of a
longitudinal section of a root filled with resin utlizing
WC, taken at a level between 1 and 6 mm from the
apex. No gap is evident between the resin filling
system and dentine.
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Fig 5.10(B) Medlum power (600x)micrograph of a
longitudinal section of a root filled with resin usng
LC, taken at a level approximately 4 mm from the
apex. No gap is evident between the resin fillingna
resin tags are shown between the filling and dent&

Fig 5.10(A) Medium power SEM (600x) micrograph of a
longitudinal section of a root filled with GP using LC,
taken at a level approximately 4 mm from the apexThe
gap (arrow) is evident at the sealer-dentine intetfce.

Gutta -percha &

AH-PlS.™ Dentine

- Resin & Sealer “

&

HY  |Spo Sig|0 I : ' g|c 100 um

10.0 kV fd |S 0. 3 fd |€ WCR

Fig 5.10(C) Medium power SEM (600><)m|crograph Fig 5.10(D) Medium power (600x)micrograph of a
of a longitudinal section of a root filled with GPusing longitudinal section of a root filled with resin usng
WC, taken at a level approximately 4 mm from the WC, taken at a level approximately 4 mm from the
apex. A uniform gap (arrow) is shown at the sealer- apex. No gap is evident between the resin fillingnd
dentine interface. dentin. The resin core is closely adapted to sealer.
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BN APl

Fig 5.11(A) High power SEM (1000x)micrograph of
a longitudinal section of a root filled with GP ushg
LC. The gap (arrow) is evident at the sealer-dentine
interface.

i

Gutta -percha &

AH-Plus "

50 pm—‘ ]

WCGP
Fig 5.11(C) High power SEM (1000x)micrograph of
a longitudinal section of a root filled with GP ushg
WC. A gap (arrow) is evident at the sealer-dentine
interface.

Y

Spot Mag

10.0 kV| 3.0 |1000x|Lfd |SE [15:

Fig 5.11(B) High power (1000x) micrograph of a
longitudinal section of a root filled with resin usng
LC. No gap is evident between the resin system and
dentine. Also resin tags (arrow) are observed betwea
dentine and the filling system.

‘ 5 |‘.‘ v\ :;’ v
& Sealer

E}

RESin

longitudinal section of a root filled with resin usng
WC. No gap is evident between the resin system and
dentine. The resin core is closely adapted to sealer
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HV . Spot| Mag
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10.0 kV| 3.0 |4000x|Lfd |[SE |17:09 10
Fig 5.12(B) High power (4000x)micrograph of a
longitudinal section of a root filled with resin usng
LC. The resin filling is closely adapted to the seate
and resin tags have penetrated into the dentine fro
the resin system.

Fig 5.12(A) High power SEM (4000x)micrograph of a
longitudinal section of a root filled with GP using LC.
The gap is approximately 4.13 um in width between GP
and dentine. Also separation of the sealer from deime
and from the filling core is shown (arrow).

Dentine £ 3:131umz’ ,":G:L"tha-percha
<> & AH-Plus ™
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WCGP
Fig 5.12(C) High power SEM (4000x)micrograph of Fi : ;
o\~ ; : ; . g 5.12(D) High power (4000x)micrograph of a
a longitudinal section of a root filled with GP usng longitudinal section of a root filled with resin usng

\t/)vc' The gap disd approximately 3.31 um in width WC. A monoblock is formed between the resin and
etween GP and dentine. sealer. Also resin tags (arrow) are observed betwee
the resin system and dentine.

119



