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 The uses of combined irrigants to eliminate infection and smear layer may affect 

the bond strength between sealer and root dentine due to contamination left over after 

irrigation.    The objective of the present study was to quantify the debris deposit on 

dentin and bond strength of methacrylate-based sealer to radicular dentine when used 

chlorhexidine in combination with other irrigants. Human radicular dentine blocks were 

prepared from 80 single-rooted teeth and divided into 5 groups. They were soaked in 

different irrigants and sequences as follow : Gr.1, distilled water; Gr.2, 

Sodiumhypochlorite (NaOCl)+ Ethylene diamine tetraacetic acid (EDTA)+distilled 

water; Gr.3, NaOCl + EDTA + Chlorhexidine; Gr.4, NaOCl + EDTA + Chlorhexidine + 

NaOCl; Gr.5, NaOCl + EDTA + NaOCl + Chlorhexidine. Half of dentin blocks in each 

group were investigated under scanning electron microscope. The other halves were 

bonded to composite resin blocks with methacrylate sealer and were subjected to the 

modified microshear test. Results showed relatively high area of deposit in Gr.1 and 

Gr.3. Multiple paired comparisons (ANOVA,Scheffe’s test) revealed that Gr.3 had 

significantly greater bond strength than all groups (p < 0.05). Inspection of the 

surfaces demonstrated mostly the adhesive bond failures for all groups. In conclusion, 

the use of NaOCl followed by EDTA and chlorhexidine respectively, provided greatest 

bond strength between mathacrylate-based sealer and radicular dentine. However, 

there is no correlation between the amount of deposit and the bond strength. 
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  1 

 (coronal leakage) 

 (apical leakage) 

 (biocompatibility) 

 (thermoplastic nature) 

 (Torabinejad and Pitt Ford, 1996) 

 (Resilon) 

 (dimethacrylate) 

 (methacrylate based resin sealer) 

 (resin tag) 

 (hybrid  layer)  (monoblock) 

 (Shipper et al., 2004, Teixeira et al., 2004a, 

Teixeira et al., 2004b, Gesi et al., 2005) 

 (Yamada et al., 1983, Baumgartner and 

Mader, 1987, Kuruvilla and Kamath, 1998) 

 (Ethylene diamine tetra acetic acid , EDTA) 



1.

2.

3.

 (Laboratory experimental 

research)  (randomized control-group post test only) 

 Epiphany  bisphenol – A glycidyl 

methacrylate (Bis – GMA)   ethoxylated Bis – GMA    urethane dimethacrylate resin

hydrophilic difunctional methacrylates 

1.

2



2.

bisphenol – A glycidyl methacrylate (Bis – GMA)   ethoxylated Bis – GMA    urethane 

dimethacrylate resin  hydrophilic difunctional methacrylates 

3.

1.  (deposit) 

2.  (bond strength) 

 2 

3.  (mode of failure) 

4.  (modified microshear test) 

 2 

 Hiraishi 

2005 (Hiraishi et al., 2005) 

3



1.

2.

1.

2.

3.

4.

5.

6.

7.

8.

9.
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  2 

 3 

 (Weine, 1989) 

 (debris) 

 (smear layer) 

 (McComb and Smith, 1975) 

 (odontoblastic process) 

 2  1 – 2 

 2 – 40  (Mader et al., 1984) 

 (bacteriologic 

method) (Sjogren and Sundqvist, 1987) 

50  (Wu and Wesselink, 1995) 

 (Kochis et al., 1998) 

 20 – 2500 



 (Hulsmann et al., 1997) 

(Resilon Research LLC, Madison, CT) 

(Tagger et al., 2002) 

 static  dynamic situation 

 (Orstavik,Eriksen and Beyer-Olsen, 1983) 

 (Stewart, 1958) 

(Gogos et al., 2004) 

(Push-out test) 

 (Ungor,Onay and Orucoglu, 2006) 

(Microtensile test)  (Micropush-out test) 

 (premature bond failure) 

(Goracci et al., 2004, Skidmore,Berzins and Bahcall, 2006) 

 (Modified microshear) 

 (premature bond failure)  Modified microshear test 

7



 (Hiraishi et al., 2005, Tay et al., 2006) 

 (configuration factor, C-factor) 

 (debond)  (Tay et 

al., 2005a) 

 4  Next (Hiraishi et 

al., 2005)  26.9  Real Seal (Tay et al., 2006) 

 (adhesive 

failure) 

 (Torabinejad et al., 2002) 

 (Bystrom and Sundqvist, 1985), (Cvek,Nord and Hollender, 1976) 
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 2.5% 

(Hand,Smith and Harrison, 1978)  (Bystrom and Sundqvist, 1983) 

 Enterococcus faecalis 

 (Sjogren et al., 1990)   

 (Hulsmann,Rummelin and 

Schafers, 1997)  5.25% 

 (elastic modulus)  (flexural strength) 

 2  (Sim et al., 2001)  10 

(Slutzky-Goldberg et al., 2004) 

(Vahdaty,Pitt Ford and Wilson, 1993, Vianna et al., 2004) 

 (Oncag et al., 2003) 

(bacteriostatic) 

 (residual antimicrobial activity,substantivity)  24 - 72 

(Fardal and Turnbull, 1986, White,Hays and Janer, 1997) 

 (bactericidal) (Hennessey, 1973) 

Enterococcus faecalis  (Parsons et al., 1980, Menezes et al., 2004) 

 (Baumgartner and Ibay, 1987)  

(Fardal and Turnbull, 1986)

 (Chelators)  EDTA (Ethylene diamine tetra 

acetic acid) 

 (Bystrom and Sundqvist, 1985, Orstavik and Haapasalo, 1990) 

 (Gettleman,Messer and ElDeeb, 1991) 

 (Gogos et al., 2004)  EDTA  1 

 10 

 (Calt and Serper 2002) 
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 EDTA 

 1-5  (Yamada et 

al., 1983, Baumgartner and Mader, 1987) 

 EDTA 

 EDTA  

  (Yamada et al., 1983, Baumgartner and 

Mader, 1987) 

 2.5%  0.2% 

 2  “ ”  ionizing capacity 

  (Kuruvilla and 

Kamath, 1998) 

Zehnder (2006) 

 (Zehnder, 2006) 

 (resin tags)  (lateral branches) 

 1  3 

(hybrid layer) 

 (Nakabayashi et al., 1982)  1 

 (Kugel and Ferrari, 2000) 

 (Mannocci et al. 2004) 

10



 (Mjor and 

Nordahl, 1996) 

(Mannocci et al., 2004) 

 1 

H = Hybrid layer, A = adhesive resin, R = resin tag, P= peritubular dentin, 

I = intertubular dentin (Kugel and Ferrari, 2000) 

 (Morris et 

al., 2001, Ari,Yasar and Belli, 2003, Erdemir et al., 2004) 

 (Muniz and Mathias, 2005) 

 EDTA 

 wet-bonding  EDTA 
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 self-etching  EDTA 

(Hayashi et al., 2005)

 (Perdigao,Denehy and Swift, 1994, de Castro et al., 2003) 

 EDTA 

 (Resilon Research 

LLC, Madison, CT, USA)  self-etching primer 

 Monoblock  2  

 (dimethacrylate) 

 (methacrylate based resin sealer)

 (resin tag)  (hybrid  layer) (Teixeira et al., 2004a)

 (

 3) 

1.  (polycaprolactone) 

2.  (bifunctional methacrylate resin) 

3.  (filler)  Bioactive glass 

4.  (pigments) 

5.  (radiopaque fillers) 

12



 2  Epiphany system 

(Shipper et al. 2004) 

Epiphany (Pentron clinical Technologies, Wallingford, CT, USA), RealSeal (Sybron Kerr, 

Orange, CA, USA), SimpliFill (LightSpeed, San Antonio, TX, USA) and Next (Heraeus-

Kulzer, Hanau, Germany) (Hiraishi et al., 2005) 

 Epiphany (Epiphany sealer) 

 (dual - curable  dental resin – based  composite sealer) 

(Teixeira et al., 2004b) (  4) 

1.  (resin matrix)   bisphenol – A glycidyl 

methacrylate,  Bis – GMA; ethoxylated Bis – GMA; urethane dimethacrylate resin; 

 hydrophilic difunctional methacrylates

2.  (fillers) 

 (Versiani 

et al., 2006)

 (Silica)  

 (barium sulfate)

3. -  Bismuth Oxychoride with 

Amines, Peroxide, Photo Initiator 

13



4.  (stabilizers)  (pigments) 

5.  (Coupling Agent)  Silane – treated barium borosilicate 

glasses

 Epiphany (Epiphany Primer) 

 (aqueous solution of acidic monomer) 

 (methacrylate resin) (HEMA) sulfonic acid – 

terminated functional monomer

 (polymerization initiator)

(self etch)  (Tunga and Bodrumlu, 2006) 

 3  (cone)  (pellet) 

 4  Epiphany primer ( )  Epiphany sealer ( )

14



 EDTA 

 (Chivian, 2004) 

Shipper  2004 

Epiphany sealant  AH plus 

 (Shipper et al., 2004) 

 6  (Shipper et al., 2004) 

 22% (Teixeira et al., 2004b) 

 (complete hermetic apical seal)  (Tay et al., 2005b) 

 5.25%  0.12%  2% 

 (Stratton,Apicella and Mines, 

2006)

 Gesi  2005  Sly 

2007

 AH Plus 

 (interfacial strength) (0.94 ± 0.77 MPa) 

Epiphany (0.50 ± 0.41 MPa)  AH 

Plus

 Epiphany  (Gesi et al., 

2005)  intraradicular dentin  AH 

26 (1.70 ±0.71 MPa)  Epiphany (0.51±0.30 MPa) 

 (Sly et al., 2007)  Skidmore 

 2006 

 (1.51±1.22 MPa)  Kerr Pulp Canal Sealer 

EWT ( 0.66 ± 0.39 MPa) 

15



 (adhesive failure) 

 (Skidmore et al., 2006) 

 (AH Plus/AH 26)  (Kerr Pulp Canal Sealer) 

 (1) AH Plus  (2) AH Plus  (3) Epiphany 

 (4) Epiphany  (lateral 

condensation)  Epiphany sealer 

 2.857 ± 0.523 MPa  AH Plus  1.380 ± 0.154 

MPa  Epiphany sealer 

 1.706 ± 0.340 MPa 

 interface 

 resin tags (Gesi et al., 2005, Ungor et al., 2006) 

 Epiphany        

 40 

 (coronal seal)  25 

Versiani  24.75  (Versiani 

et al., 2006)  Nielsen  2006 (Nielsen et al., 2006) 

 30 

 1 

 3 

16



  3 

:

:

:

Simple Random Sampling 

 2 

n =

 n1 = n2
2 = SPP

2 =

2 2(Z1- + Z1- )2

( 1 - 2)
2

(S1
2 + S2

2)

2

n = 

 = 0.05 



 = 0.10 

2 = 

 = 

Z = 

S2 = 

 2 

2 = SPP

2 =                                     =        (0.2432+0.4872) = 0.148 (S 2 2 + S2 )1

n =       =  2 x 0.148 (1.96+1.645) 2 = 15.36 

                                                              (2.04-2.54) 2

 16 

 2 

 1  2  5 

1 - -

 750 

- -

2 -

-

-

-

 25 

-

-

-

-

2 2

2 2(Z1-  + Z1- )2

( 1 - 2)
2
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 ( )

 ( )

:

:

:  2%    2.5% 

 EDTA  17%

1919



20

 37  7 

 80  5   16 

 5 .× 5 .  2 

+EDTA+ +EDTA+ +EDTA+

+

+EDTA+

+
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1.

2.

2.1

2.2  2.5% Lot No. 087/50   Mfg. date 01-12-2006 

     Exp. Date 01-06-2007 

2.3  2%     Lot No. 238/49   Mfg. date 28-03-2006 

     Exp. date 28-03-2007 

2.4  EDTA  17%      Lot No. 089/50   Mfg. date 01-12-2006 

     Exp. date 01-06-2007 

3.

3.1  (Diamond disc Intensive 430) 

3.2  12 

3.3

3.4  15 

3.5  2.8 .

3.6  (Filtck Supreme, 3M ESPE, St. Paul, USA.) 

         Lot No. 4 WC     Exp. date 02-2007 

3.7

3.8

21



3.9  Epiphany (Pentron clinical Technologies, Wallingford, CT, 

USA)       Lot No. 146149   Exp. date 06-2008 

3.10  Epiphany (Pentron clinical Technologies, Wallingford, CT, 

USA)        Lot No. 149468   Exp. date 12-2008 

3.11  (Straight hand piece) 

3.12  600 

3.13

3.14  0.016  ( 0.41 .)

3.15

3.16  (K-file)  10 (K-file, Dentsply Maillefer, Ballaiques, 

Switzerland)

4.

4.1  (Mobile unit)  Star 2000 

4.2  (Polishing Machine)  DPS 3200, IMPTECH, South Africa. 

4.3  (Universal Testing Machine )  LR10K, LLOYD 

Instruments, England. (Load cell 1 kN) 

4.4  JSM-5410 LV, JEOL, Japan 

4.5  (Stereo Microscope)  ML 9300 MEIJI, Japan 

4.6

4.7  SPSS 13 

4.8  (Light Curing Unit)   EliparTrilight, 3M, USA. 

4.9

22



4.10  Image Pro Plus V4.5 (Media Cypermetric Ind, USA.) 

4.11  Hyper Snap 

1.

 (Thymol)  4% 

 30 

 (Mjor and Nordahl

1996 )

1.1

1.2  10 

 (apical foramen)  80 

1.3  5  16 

2.

2.1  (bucco-lingual) 

 2  15  5 

2.2

 600 

2.3  2 .
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2.4  5 .x 5 .

 1  2  6 

2.5

 1  20 . 8 

 2  5 .  2 

 EDTA 5 . 2 10 . 4 

 3  5 .  2 

 EDTA 5 . 2   10 . 4 

 4   5 .  2 

 EDTA 5 . 2  5 . 2 

 5 . 2 

 5  5 .  2 

 EDTA 5 . 2  5 

. 2  5 . 2 

2.6  2  2 

3.  1

3.1

 750 

 3  (  35 

 750 

 2 )  7 

3.2

 Image Pro Plus V4.5 (Media Cypernetic Inc., USA) 

 (  8) 
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 3 

 Kolmogorov-Smirnov test 

 One-way ANOVA  Kruskal-

Wallis

 0.05 

4.  2

4.1

 2.8 . ( )

4.2  5 .  5.5 .

 2.8 .  5 .  5.5 .  5  5 .

 2 . 2  1 .  40 

 9 

4.3  5.5 .  4.2 

 0.5 .  10 

4.4  11   

4.5

 12  13 

40  4  37  7 

25



4.6

 14 

 load cell  1  (crosshead 

speed) 1 .  15  ( )

 ( )

 Kolmogorov-Smirnov test  One-

way ANOVA  Scheffe’s post hoc test  Kruskal-

Wallis

 0.05 

4.7

 15  2 

 1 -  (adhesive failure) 

 2 -  (mixed failure) 

 Chi-square 

 0.05  Spearman’s Rank Correlation 

 0.05 

26



 5 

 6  5 . x 5 .

 7  750 

 8  Image-Pro Plus 
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 9 

 2.8 .  5 .

 10  0.5 .

 11 

 12 

28



 13 

 14 

 15 

29



  4 

 1

 (  9)

 1 

1 100 0

2  EDTA 1.28 2.85

3  EDTA 99.67 0.42

4  EDTA 80.07 36.25

5  EDTA 60.20 46.61

*

*
*
*

*

( )*
 100 

1  3  EDTA 

 99.67 ± 0.42  4  EDTA 



 80.07 ± 36.25  5 

 EDTA  60.20 ± 46.61 

 1.28 ± 2.85  2  EDTA 

3  4 

 EDTA 

 4  5  16

 1 

 2 

 EDTA 

 3 

 EDTA 

 4 

 EDTA 

 5 

 EDTA 

 16 

31



 1 

 2 

 EDTA 

 3 

 EDTA 

32



 4 

 EDTA 

 5 

 EDTA 

 17 

 750 

 Kruskal-Wallis test  Multiple 

Comparison (  10, 11  12) 

 2 

1  3 

2  5 

 3  2 
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 4  1  2 

 5  1 

5 sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine

4 sodium
hypochlorite+EDTA+chlorhexidine+

sodium hypochlorite

3 sodium
hypochlorite+EDTA+chlorhexidine

2 sodium
hypochlorite+EDTA+distilled water

1 distilled water

group of sample

120.00

100.00

80.00

60.00

40.00

20.00

0.00

-20.00

M
e
a
n

 p
e
rc

e
n

ta
g

e
 o

f 
d

e
p

o
s
it

 a
re

a

** *
*

100

1.28

99.67

60.20

80.07

*

 1 

( )*
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 2

 (  13  14)  2 

 2

 ( )

1 9.36 2.86

2  EDTA 9.61 3.51

3  EDTA 13.70 2.99

4  EDTA 7.75 2.62

5  EDTA 10.06 2.90

*

*

*

*

( )*

 3  EDTA  13.70  2.99 

 5  EDTA 

10.06  2.90  2  EDTA  9.61 

3.51  1  9.36  2.86  4 

 EDTA  7.75  2.62 

35



 one-way ANOVA  Scheffe’s post hoc test  3 

 (

15, 16  17)   2  4  5 

5 sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine

4 sodium
hypochlorite+EDTA+chlorhexidine

+sodium hypochlorite

3 sodium
hypochlorite+EDTA+chlorhexidine

2 sodium
hypochlorite+EDTA+distilled water

1 distilled water

group of sample

20.00

15.00

10.00

5.00

0.00

M
ea

n
 s

tr
es

s 
at

 m
ax

im
u

m
 lo

ad
 (

M
P

a)

Error bars: +/- 1.00 SD

* *

9.36 9.61 

13.70

7.75

10.06

* *

 2 

( )*

36



 (

 18) 

 4  5 

 14  2  3  13  1  9 

 3 

 18 

 chi-square 

 1  2  (

 19 ) 
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 3 

1

2

3

4

5

9

13

13

16

14

7

3

3

0

2

56.30

81.30

81.30

100.00

87.50

0
10
20

30
40
50
60
70

80
90

100

1 2 3 4 5

 3 
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 4 

1 100 ± 0 9.36 ± 2.86 56.30

2
 EDTA

1.28 ± 2.85 9.61 ± 3.51 81.30

3
 EDTA

99.67 ± 0.42 13.70 ± 2.99 81.30

4
 EDTA

80.07 ± 36.25 7.75 ± 2.62 100.00

5
 EDTA

60.20 ± 46.61 10.06 ± 2.90 87.50

Spearman’s correlation  (

 20) 
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  5 

 1  3  4  5 

 2 

 3 

 1 

 EDTA 

 (Wu and Wesselink, 1995)  (Kochis et al., 1998) 

 (Hulsmann et al., 1997) 



 100 

 500 

 (Mandel,Machtou and Friedman, 1990) 

 35 

 750 

 3 

 2 

Image-Pro Plus V4.5 

 5  (

5)  2 

 (P =0.463)  0.05 

 99.995% (  6) 

(Modified microshear) 

 (configuration factor, C-factor) 

 Hiraishi  2005  Tay  2006 (Hiraishi et al., 2005, Tay et 

al., 2006) 

41



 81.28 

 Lloyd  2 

 5 

 (  7)

 (P =0.524  )  0.05 

 95.50% (  8 ) 

 (Pashley et al., 1995) 

 10,000 

 3  15 

 2 

 (Saleh et al., 2002) 

 (Yu et al., 1993) 

 (Pecora et al., 2001, 

Eldeniz,Erdemir and Belli, 2005)  (Pashley, 1984) 

 (Kouvas 

et al., 1998)  EDTA 

 EDTA 

 Yamada  1983 

Baumgartner  Mader  1987 (Yamada et al., 1983, Baumgartner and Mader, 

1987)  EDTA 

42



 1 

 2 

 Chaves 

2002  Saleh  2003

 (Chaves,Giannini and Ambrosano, 2002, Saleh et al., 2003) 

 (Powis et al., 1982)  Torii  2003 

 Eldeniz  2005  EDTA 

EDTA  (Torii et al., 2003, Eldeniz et al., 2005)

 3  EDTA 

 (  16  17) 

 3 

 Spearman’s Rank Correlation 

 3 

 4 

 EDTA  5  EDTA 

 4  5 

 4 

 3 

 5 
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 4  5 

 EDTA 

-

(oxidation) 

(chloramination)  Mass spectrophotometry 

 1-2  Kuruvilla 

 Kamath  1998 

 4  5 

 4 

 5 

 4  EDTA 

 1 

 2  EDTA 

 5  EDTA 

 3  EDTA 

44



 Ari,Yasar  Belli  2003  Erdemir  2004 

 ( Morris et al., 2001,Ari et al., 2003, Erdemir et al., 2004) 

 (Ozturk and Ozer, 2004) 

(Protein-derived radicals)  (vinyl free-radicals) 

 (Lai et al., 2001)  (Ari and Erdemir, 

2005)  (elastic modulus)  (flexural strength) 

 (Sim et al., 2001) 

 (Perdigao et al., 1994, de Castro 

et al., 2003)  (Erdemir et al., 2004) 

 wettability 

 3 

 10.10 ± 3.52 

 2 

EDTA  9.61  3.51 

45



Gesi  2005 0.50 ± 0.41 MPa 

Sly  2007 0.51 ± 0.30 MPa 

Skidmore  2006 1.51 ± 1.22 MPa 

Ungor  2006 1.706 ± 0.340 MPa 

9.61  3.51 MPa 

 Push-out test 

 (Gesi et al., 2005, Ungor 

et al., 2006, Skidmore et al., 2006, Sly et al., 2007) 

 (clinical performance limit) 

 (fractographic analysis) 

 (surface 

energy)  (adherend) 

 (adhesive’s ability to wet the surface) 

 (Saleh et al., 2002) 

(thermal expansion coefficient)  (dimensional 

change)

 (Saleh et al., 2002, Saleh et al., 2003) 

 (micromechanical retention) 

 (Oksan et al., 1993) 

46



 3  1 

 Spearman’s Rank Correlation

Zehnder  2006 

 EDTA 

 (Zehnder et al., 

2003)  (Zehnder, 

2006)

 (dentin-MMP) 

 (Hebling et al., 

2005, Carrilho et al., 2007) 

 EDTA 

 (Confounding factor) 

 EDTA 

47
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 5

 1 

( )

 2 

( )

 3 

( ) ( )

1 41 1 22383.27 22383.27 22383.27 22383.27 100.00

2 22383.27 22383.27 22383.27 22383.27 100.00

2 25 1 92.34 78.18 0.00 56.84 0.25

2 102.37 95.32 27.15 74.94 0.33

3 47 1 27.32 105.18 28.43 53.64 0.24

2 150.37 43.69 99.43 97.83 0.44

4 23 1 22032.35 22053.33 22270.75 22118.81 98.82

2 22155.32 22230.42 22065.33 22150.35 98.96

5 35 1 22366.93 22351.55 22348.67 22355.72 99.88

2 22363.08 22327.42 22340.86 22343.78 99.82

6 34 1 0.00 1424.06 0.00 474.69 2.12

2 0.00 1340.73 0.00 446.91 2.00

7 75 1 0.00 0.00 4766.38 1588.79 7.10

2 0.00 5036.12 1844.13 2293.42 10.25

8 28 1 3081.16 2818.88 754.23 2218.09 9.91

2 2652.36 458.37 2458.32 1856.35 8.29

9 29 1 900.21 2046.76 3726.15 2224.37 9.94

2 983.77 2462.56 4002.37 2482.90 11.09

10 77 1 21442.77 21512.09 21580.83 21511.90 96.11

2 20122.31 19985.32 20452.15 20186.60 90.19
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 6

NPar Tests 

One-Sample Kolmogorov-Smirnov Test

10 10
42.1819 42.4362

47.70334 48.55774
.343 .348
.343 .348

-.245 -.265
1.084 1.102

.191 .177

N
Mean
Std. Deviation

Normal Parametersa,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

percentage of
deposit area2

percentage of
deposit area

Test distribution is Normal.a.

Calculated from data.b.

T-Test
Paired Samples Statistics

42.4362 10 48.55774 15.35531

42.1819 10 47.70334 15.08512

percentage of
deposit area
percentage of
deposit area2

Pair
1

Mean N Std. Deviation
Std. Error

Mean

Paired Samples Correlations

10 .999 .000
percentage of deposit
area & percentage of
deposit area2

Pair
1

N Correlation Sig.

Paired Samples Test

.25427 2.19161 .69305 -1.31352 1.82205 .367 9 .722
percentage of depos
area - percentage of
deposit area2

Pair
1

Mean Std. Deviation
Std. Error

Mean Lower Upper

95% Confidence
Interval of the

Difference

Paired Differences

t df Sig. (2-tailed)
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 7

1 2
1 2.88 2.88
2 2.64 2.73
3 2.12 2.21
4 1.86 1.43
5 2.96 2.88

 8

NPar Tests 

One-Sample Kolmogorov-Smirnov Test

5 5
2.4923 2.4244
.47979 .62324

.222 .288

.180 .233
-.222 -.288
.496 .644
.967 .801

N
Mean
Std. Deviation

Normal Parametersa,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

stressmax1 stressmax2

Test distribution is Normal.a.

Calculated from data.b.

T-Test

Paired Samples Statistics

2.4923 5 .47979 .21457
2.4244 5 .62324 .27872

stressmax1
stressmax2

Pair
1

Mean N Std. Deviation
Std. Error

Mean

Paired Samples Correlations

5 .955 .011
stressmax1 &
stressmax2

Pair
1

N Correlation Sig.
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 10

NPar Tests 

One-Sample Kolmogorov-Smirnov Test

16
100.0000

.00000c

16
1.2795

2.84962
.438
.438

-.327
1.752

.004
16

99.6737
.42280

.275

.220
-.275
1.099

.179
16

80.0651
36.24647

.400

.291
-.400
1.601

.012
16

60.1929
46.61432

.342

.235
-.342
1.368

.047

N
Mean
Std. Deviation

Normal Parametersa,b

N
Mean
Std. Deviation

Normal Parametersa,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)
N

Mean
Std. Deviation

Normal Parametersa,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)
N

Mean
Std. Deviation

Normal Parametersa,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)
N

Mean
Std. Deviation

Normal Parametersa,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

group of sample
1. distilled water

2. sodium
hypochlorite+EDTA+distilled
water

3. sodium
hypochlorite+
EDTA+chlorhexidine

4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite

5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine

percentage of
deposit area

Test distribution is Normal.a.

Calculated from data.b.

The distribution has no variance for this variable. One-Sample Kolmogorov-Smirnov Test
cannot be performed.

c.

62



 11  Kruskal-Wallis 

NPar Tests 

Kruskal-Wallis Test 

Ranks

16 69.50

16 11.28

16 50.19

16 42.72

16 28.81

80

group of sample
1. distilled water
2. sodium
hypochlorite+EDTA+distilled
water
3. sodium
hypochlorite+
EDTA+chlorhexidine
4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite
5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine
Total

percentage of
deposite area

N Mean Rank

Test Statisticsa,b

58.516
4

.000

Chi-Square
df
Asymp. Sig.

percentage of
deposite area

Kruskal Wallis Testa.

Grouping Variable: group of sampleb.
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 12  Multiple comparison 

critical value 

 1 2 23.0619 < 58.22 sig

 1 3 23.0619 > 19.31 NS

 1 4 23.0619 < 26.78 sig

 1 5 23.0619 < 40.69 sig

 2 3 23.0619 < 38.91 sig

 2 4 23.0619 < 31.44 sig

 2 5 23.0619 > 17.53 NS

3 4 23.0619 > 7.47 NS

3 5 23.0619 > 21.38 NS

4 5 23.0619 > 13.91 NS

ji RR

 13

( )
1 2 12.60 2
2 3 12.04 1
3 7 8.60 2 
4 13 7.67 1
5 15 6.65 1
6 27 7.46 2
7 31 10.43 1
8 41 8.68 1
9 45 14.20 1

10 46 8.20 1
11 49 9.96 1
12 50 6.84 2
13 55 4.21 2
14 66 11.00 2
15 76 14.16 2

1

16 78 7.01 1
1 1 15.22 1
2 8 7.79 2 
3 24 10.55 1
4 25 10.41 1
5 33 11.06 1
6 39 3.49 2

2

7 40 8.29 2
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8 47 13.15 1
9 59 8.63 1

10 62 11.38 1
11 63 3.03 1
12 64 14.75 1
13 67 6.26 1
14 70 8.89 1
15 73 8.41 1
16 74 12.38 1

1 4 16.93 1
2 6 15.18 2
3 9 19.76 1
4 11 11.32 1
5 12 13.61 1
6 16 17.19 1
7 19 12.81 2
8 22 11.42 1
9 23 16.59 1

10 32 14.13 2
11 35 10.24 1
12 36 9.90 1
13 48 15.27 1
14 54 14.03 1
15 60 9.51 1

3

16 79 11.36 1
1 5 8.49 1 
2 10 9.50 1
3 17 8.20 1
4 18 6.22 1
5 21 10.16 1
6 26 7.41 1
7 34 5.19 1
8 42 4.10 1
9 44 8.65 1

10 56 12.87 1
11 57 4.77 1
12 58 10.37 1
13 65 4.54 1
14 71 5.31 1
15 72 7.06 1

4

16 75 11.17 1
1 14 14.07 1
2 20 10.55 1
3 28 7.35 1
4 29 10.18 1
5 30 10.06 1
6 37 8.67 1
7 38 7.22 1
8 43 7.98 1
9 51 6.90 1

10 52 11.95 1

5

11 53 11.83 1
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12 61 10.58 1
13 68 14.20 2
14 69 14.21 1
15 77 4.12 2
16 80 11.06 1

 14

Descriptives

Descriptive Statistics

16 4.21 14.20 9.3558 .71561 2.86244

16

16 3.03 15.22 9.6053 .87727 3.50909

16

16 9.51 19.76 13.7014 .74641 2.98564

16

16 4.10 12.87 7.7504 .65521 2.62082

16

16 4.12 14.21 10.0576 .72319 2.89276

16

stress at
maximum
load (MPa)
Valid N
(listwise)
stress at
maximum
load (MPa)
Valid N
(listwise)
stress at
maximum
load (MPa)
Valid N
(listwise)
stress at
maximum
load (MPa)
Valid N
(listwise)
stress at
maximum
load (MPa)
Valid N
(listwise)

group of sample
1. distilled water

2. sodium hypochlorite+EDTA+distilled
water

3. sodium
hypochlorite+EDTA+chlorhexidine

4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite

5. sodium hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine

Statistic Statistic Statistic Statistic Std. Error Statistic
N Minimum Maximum Mean Std.
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NPar Tests 

One-Sample Kolmogorov-Smirnov Test

16
9.3558

2.86244
.156
.156

-.110
.624
.831

16
9.6053

3.50909
.115
.084

-.115
.461
.984

16
13.7014
2.98564

.153

.153
-.083
.611
.850

16
7.7504

2.62082
.136
.136

-.082
.545
.928

16
10.0576
2.89276

.125

.076
-.125
.499
.965

N
Mean
Std. Deviation

Normal Parameters a,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)
N

Mean
Std. Deviation

Normal Parameters a,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)
N

Mean
Std. Deviation

Normal Parameters a,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)
N

Mean
Std. Deviation

Normal Parameters a,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)
N

Mean
Std. Deviation

Normal Parameters a,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

group of sample
1. distilled water

2. sodium
hypochlorite+EDTA+distilled
water

3. sodium
hypochlorite+
EDTA+chlorhexidine

4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite

5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine

stress at
maximum
load (MPa)

Test distribution is Normal.a.

Calculated from data.b.
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 16  (ANOVA) 

Oneway 

Test of Homogeneity of Variances

stress at maximum load (MPa)

.289 4 75 .884

Levene
Statistic df1 df2 Sig.

ANOVA

stress at maximum load (MPa)

308.652 4 77.163 8.639 .000
669.872 75 8.932
978.524 79

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.
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 (multiple comparisons) 

Post Hoc Tests 

Multiple Comparisons

Dependent Variable: stress at maximum load (MPa)
Scheffe

-.24947 1.05662 1.000 -3.5866 3.0877

-4.34557* 1.05662 .004 -7.6827 -1.0084

1.60541 1.05662 .680 -1.7317 4.9425

-.70180 1.05662 .979 -4.0389 2.6353

.24947 1.05662 1.000 -3.0877 3.5866

-4.09610* 1.05662 .008 -7.4332 -.7590

1.85488 1.05662 .548 -1.4822 5.1920

-.45233 1.05662 .996 -3.7895 2.8848

4.34557* 1.05662 .004 1.0084 7.6827

4.09610* 1.05662 .008 .7590 7.4332

5.95098* 1.05662 .000 2.6139 9.2881

3.64377* 1.05662 .025 .3066 6.9809

-1.60541 1.05662 .680 -4.9425 1.7317

-1.85488 1.05662 .548 -5.1920 1.4822

-5.95098* 1.05662 .000 -9.2881 -2.6139

-2.30721 1.05662 .321 -5.6443 1.0299

.70180 1.05662 .979 -2.6353 4.0389

.45233 1.05662 .996 -2.8848 3.7895

-3.64377* 1.05662 .025 -6.9809 -.3066

2.30721 1.05662 .321 -1.0299 5.6443

(J) group of sample
2. sodium
hypochlorite+EDTA+distilled
water
3. sodium
hypochlorite+
EDTA+chlorhexidine
4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite
5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine
1 distilled water
3. sodium
hypochlorite+
EDTA+chlorhexidine
4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite
5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine
1 distilled water
2. sodium
hypochlorite+EDTA+distilled
water
4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite
5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine
1 distilled water
2. sodium
hypochlorite+EDTA+distilled
water
3. sodium
hypochlorite+
EDTA+chlorhexidine
5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine

1 distilled water
2. sodium
hypochlorite+EDTA+distilled
water
3. sodium
hypochlorite+
EDTA+chlorhexidine
4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite

(I) group of sample
1. distilled water

2. sodium
hypochlorite+EDTA+distilled water

3. sodium
hypochlorite+EDTA+chlorhexidine

4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite

5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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Homogeneous Subsets 

stress at maximum load (MPa)

Scheffea

16 7.7504

16 9.3558

16 9.6053

16 10.0576

16 13.7014

.321 1.000

group of sample
4. sodium
hypochlorite+
EDTA+chlorhexidine+sodium
hypochlorite
1. distilled water
2. sodium
hypochlorite+EDTA+distilled
water
5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine
3. sodium
hypochlorite+
EDTA+chlorhexidine
Sig.

N 1 2
Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.
Uses Harmonic Mean Sample Size = 16.000.a.

 18

 (mode of failure) 

group of sample * mode of failure Crosstabulation

Count

9 7 16

13 3 16

13 3 16

16 0 16

14 2 16

65 15 80

1. distilled water
2. sodium
hypochlorite+EDTA+distilled
water
3. sodium
hypochlorite+
EDTA+chlorhexidine
4. sodium
hypochlorite+
EDTA+chlorhexidine+sodiu
m hypochlorite
5. sodium
hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine

group
of
sample

Total

adhesive
failure mixed failure

mode of failure

Total
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 19  chi-square 

Chi-Square Test 

Frequencies

mode of failure

9 8.0 1.0
7 8.0 -1.0

16
13 8.0 5.0
3 8.0 -5.0

16
13 8.0 5.0
3 8.0 -5.0

16
16 16.0 .0
16a

14 8.0 6.0
2 8.0 -6.0

16

adhesive failure
mixed failure
Total
adhesive failure
mixed failure
Total
adhesive failure
mixed failure
Total
adhesive failure
Total
adhesive failure
mixed failure
Total

group of sample
1. distilled water

2. sodium hypochlorite+EDTA+distilled water

3. sodium hypochlorite+EDTA+chlorhexidine

4. sodium hypochlorite+EDTA+chlorhexidine+sod
hypochlorite

5. sodium hypochlorite+EDTA+sodium
hypochlorite+chlorhexidine

Observed N Expected N Residual

This variable is constant. Chi-Square Test cannot be performed.a.
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Test Statistics

.250
1

.617

.804

.349
6.250

1
.012
.021
.017

6.250
1

.012

.021

.017
9.000

1
.003
.004

.004

Chi-Square a

df
Asymp. Sig.
Exact Sig.
Point Probability
Chi-Square a

df
Asymp. Sig.
Exact Sig.
Point Probability
Chi-Square a

df
Asymp. Sig.
Exact Sig.
Point Probability
Chi-Square a

df
Asymp. Sig.
Exact Sig.
Point Probability

group of sample
1. distilled water

2. sodium
hypochlorite+
EDTA+distilled water

3. sodium
hypochlorite+
EDTA+chlorhexidine

5. sodium
hypochlorite+
EDTA+sodium
hypochlorite+chlorhexidine

mode of
failure

0 cells (.0%) have expected frequencies less than 5. The
minimum expected cell frequency is 8.0.

a.

 20

Nonparametric Correlations 

Correlations

1.000 .075
. .509

80 80
.075 1.000
.509 .

80 80

Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N

stress at maximum
load (MPa)

percentage of
deposit area

Spearman's rho

stress at
maximum
load (MPa)

percentage of
deposit area
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 28 . . 2522 

 2545  4             

. . 2547 

 5 . .

2548
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