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ABSTRACT

NEW QUANTITATIVE MEASURING TECHNIQUE FOR MICROLEAKAGE
OF THE RESTORED TOOTH THROUGH 3D RECONSTRUCTION

Sang-Yoon Ha, Dong-Hoon Shin*
Department of Conservative Dentistry, College of Dentistry, Dankook University

Established microleakage tests have their own disadvantages. In this study, 3D reconstruction method

was tried to overcome these disadvantages.

Four types of microleakage tests were used and relationships among them were estimated: penetrated dye

volume: marginal adaptability: degree of dye penetration and relative penetrated length to cavity wall.

Twenty-four Class V cavities were bulk filled with composite (Esthet X) following surface treatments: N

group (no treatment); E group (etching only): T group (etching + Prime & Bond NT). 50% silver nitrate was
used as a dye solution after thermocycling (5C & 55T, 1,000 times). Teeth were serially ground with a thick-
ness of 0.2 mm. Volume of dye penetration was estimated from a three-dimensionally reconstructed image
with a software (3D-DOCTOR). Percentage of margin without gap was estimated from SEM and degree of dye
penetration and the relative length of dye penetration to overall cavity wall were also estimated.

ANOVA and Scheffe test for dye volume, Kruskal-Wallis and Mann-Whitney test for marginal quality,

Spearman’ s rho test for checking of relationships among methods were used.

The results were as follows:

1. Dye penetration could be seen from several directions, furthermore, its volumetric estimation was pos-
sible.

2. Reverse relationship was found between dye volume and marginal quality (r = -0.881 /p = 0.004).

3. Very low relationship was seen between dye volume and two—dlmensmnal tests (degree of dye penetra-
tion and relative length). However, 2D evaluation methods showed high relatlonshlp (p = 0.002-
0.054) each other.

4. Three times vertical section could be recommended as a 2D test.

(J Kor Acad Cons Dent 29(5):413-422, 2004}
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Table 1. Surface treatments

K WTYEE 088 T80 FYH IMrEE 5

Group Code Surface treatment Restoration
N No treatment Wash and dry — Bulk filling
Etching for 15 seconds
E Etching only — Wash and dry
— Bulk filling
Etching for 15 seconds
T Etching + One- — Wash and dry

bottle system

— One-bottle system (Prime & Bond NT)
— Bulk filling

1) FARAL )7 328 53 WA 9= 37t

FEET XA Atole] AR HIHE A FARAAL Aol
73 (JSM-5200, JEOL, Tokyo, Japan) #Z< 94
vinyl polysiloxane 2144 (Aquasil, Dentsply Caulk,
Milford, DE, USA)2 #5E& A4 A5F s,
polyurethane die (MODRALIT-3K, DREVE-DEN-
TAMID-GMBH, Germany)& ©]£3}9 resin replica®
Azstelct. 35ue W& E FEE FHS 4 UlA] 632 o
o] 43& 53 v, Photoshop Z22 (ver. 6.0,
Adobe Systems Inc., San Jose, CA, USA) < o] &3}
HAR AAE & F v shve] daez 23t of
+ 1,00009] wj&2 AAAF s} A (FEEFH 2
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et M2 FASAT (Figure 1).
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= O, FAlEtE SR FAAT AN 10/ F
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S, HotE A7t5Ed 42 (Orthodontic Resin,
Dentsply Caulk, Milford DE, USA)ell Zujatsit}.

e AlE-E Accutom-50 (Struers, 2750 Ballerup,
Denmark)el]l ZAAA 0.2 mm 7FE 02 AnE 2 %23t
3o, 2] dntE FAES 43 HAd w3zl
&g gldal (Fuji FinePix S1-Pro, Fujifilm, Tokyo,
Japan)Z &3I4t} Photoshop 6.0 TR0 B Q
gk FETHE AFst] Aavt AFE FEE BN v

N o2l

Figure 1. Marginal adaptation from SEM evaluation:
Percentage of gap-free margin (A: red) to cavity
perimeter (B; blue) (SEM image: X 35)

Agste] JPEG L= A%
=g

3D-DOCTOR (Able Software Co., Lexington, MA,
USA) Z2I8E o]&ata] dhte] oo A dojzl o&
o] gHAES Bol Ist FIZ AFE oS (Figure 2),
Aot FEE, ALAF 99 AAAE 727] g2 Hor
g8t FEH 7‘<l OH 32} At “2111} (Flgure 3).
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1, Ae/ugd ool 1/28 ol &9 AR A%
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de 2, FH7AA AR Aol 322 RHsGG
(Flgure 5).
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Figure 3. Three-dimensionally reconstructed restored
tooth
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Figure 2. Montage view showing serial cross-sectioned
images

Figure 4. Evaluation criteria about percentage of dye
penetration: Percentage of length of dye penetration
(B: red) to overall cavity wall length (A: blue)

Figure 5. Evaluation criteria about degree of dye penetration: 0 - No dye penetration (A): 1 - Dye penetration less than half
the length of the gingival or occlusal wall (B): 2 - Dye penetration up to the full length of the gingival or occlusal wall (C): 3

- Dye penetration along the axial wall (D)
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. Kruskal-Wallis @ Mann-Whitney U test 2% 2
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o (p = 0.01D)T T (p = 0.002)°] &l 2F &
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(Figures 6-8). &3t 37l & &5 wgH

L& AT ¥ B2 A5 HASE B 5 o
Cubic voxel& @2 S4E 7+ ¥4 A2 AF

Table 3% 228 N, E, T29 £X 2 HFo] Zx

ANOVA 7% A¥}, NTZ T Alelgte] f2g Ao
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ALlg A9 2E FAdA 100%E AT
47 g Adstue Ao 3=9 AFEE Bien, A
FEL 80%F EAT. ol vlg) T2, AFE % AFE
oA ol FEE BPon, 1~359 Y Aa3F
=9} 40~50%9] AFEE BAT

Table2. Percentage of perfect margin
Mean (S.D.)

Groups Sample No.

N 8 8.91 (14.09) T

E 8 33.19 (10.54) **

T 8 54.29 (23.86) ——
#p(0.05 =:p(0.01

Figure 6. Three-dimensionally reconstructed tooth (group N): A: buccal view, B: mesial view, C; lingual view, D: distal view
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Figure 8. Three-dimensionally reconstructed tooth (group T): A: buccal view, B; mesial view, C; lingual view, D distal view

Table 3. Volumetric microleakage (cubic voxels)
Mean (S.D.)

Groups Sample No.

N 8 4,220,363 (1,642,980)

E 8 2,422 873 (1,959,873) *

T 8 1,539,313 (1,045,755)
*:p(0.05

Table 5. Mean relative length of dye penetration to an
overall cavity wall according to number of vertical
section (%)

Number of vertical section

Group
3 5 7 9

N 100 100 99.25 99.01 99.23
E 83.30 82.60 83.17 80.58 82.63
T 4261 4828 5045 49.97 48.63
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Table 4. Mean degree of dye penetration according to
number of vertical section
Number of vertical section

Group
1 3 5 7 9
N 3 3 3 3 3
E 3 3 2.98 297 297

T 2.38 2.42 2.38 241  2.36
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Table 6. Correlation between evaluation methods

e WY /88 289 HYH UMTEE A5

Volumetric Perfect margin Degree dye  Length dye

Volumetric Correlation Coefficient 1.000 -0.881** 0.096 0.476
Sig. (2-tailed) ) 0.004 0.820 0.233
Perfect margin  Correlation Coefficient -0.881** 1.000 -0.024 -0.214
Spearman s Sig. (2-tailed) 0.004 ) © 0955 0.610
rho Degree dye Correlation Coefficient 0.096 -0.024 1.000 0.699
Sig. (2-tailed) 0.820 0.955 ) 0.054
Length dye Correlation Coefficient 0476 -0.214 0.699 1.000

Sig. (2-tailed) 0.233 0.610 0.054

#:p<0.01

Table 7. Degree of dye penetration according to nurri-
ber of vertical section

Number

Sample Degree Mean
of ver'tical No. Mean (S.D.) Rank
section

1 8 2.375 (0.744) 22.31

3 8 2.146 (0.667) 20.56

5 8 2.375 (0.713) 19.94

7 8 2.413 (0.648) 19.94

9 8 2.355 (0.693) 19.75

27 e Bl o]— 2 2}
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Table 8. Relative length of dye penetration according
to number of vertical section (%)

Number

Sample  Length (%) Mean
of vertical No. Mean (8.D.) Rank
section
1 8 4261 (18.28) 18.13
3 8 48.28 (25.96) 20.00
5 8 50.45 (26.67) 22.13
7 8 49.65 (25.08) 20.88
9 8 48.64 (26.87) 21.38
V. &% % oo
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