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Table 1. First and second solutions for the dentin surface treatment used in this study

Name of solution Code Concentration(%) Batch number Manufacturer
Distilles water DW - - Kyung Hee Univ
Citric acid CT 50 L.82070C Chameleon Anal. Co.
Maleic acid MA 10 OH1555 Junsei Chem. Co.
Phosphoric acid PA 10 27617-8 Yukuri Chem. Co.
Ferric chloride FC 15 M34888A Chameleon Anal. Co.
Ferric oxalate FO 6.8 80441 Kishida Chem. Co.
Potassium oxalate PO 30 3K0018 Junsei Chem. Co.
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Table 2. Experimental groups were designed following treating with first and second solution on dentin surfaces

sequentially
Solution for Solution for seconed treatment
first treatment Distilled water Ferric chloride Ferric oxalate Potassium oxalate
Distilled water DW-DW DW-FC DW-FO DW-PO
Citric acid CT-DW CT-FC CT-FO CT-PO
Maleic acid MA-DW MA-FC MA-FO MA-PO
Phosphoric acid PA-DW PA-FC PA-FO PA-PO
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Table 3. Mean shear bond strengths of light curing glass ionomer cement to dentin following treating with 1st and

2nd solution on dentin surface

(unitKg/em?)
shear bond strength

First solution Second solution Codes
mean SD
Distilled water DW—DW 458 146
Distilled wate Ferric chloride DW-FC 22.6 9.6
1stitled water Ferric oxalate DW-FO 375 234
Potassium oxalate DW-PO 215 8.0
Distilled water CT-DW 436 240
Citric acid Ferric chloride - CT-FC 255 130
e aa Ferric oxalate CT-FO 278 9.2
Potassium oxalate CT-PO 316 20,7
Distilled water MA-DW 32.2 24.7
Malei id Ferric chloride MA-FC 194 9.2
ec ac Ferric oxalate MA-FO 521 416
Potassium oxalate MA-PO 265 12.0
Distilled water PA-DW 22.0 11.3
Phosphoric acid Ferric chloride PA-FC 199 89
osphoric: act Ferric oxalate PA-FO 241 118
Potassium oxalate PA-PO 104 2.8
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Distilled water Citric acid
Experimental groups

Fig.1. Comparison of mean shear bond strengths of

16 experimental groups after treating with 1st and

2nd solution on dentin surface  (DW : Distilled
water, FC : Ferric chloride, FO : Ferric oxalate,
PO : Potassium oxalate)
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Table 4. Summary of Duncan’s multiple range test of
shear bond strength in 16 experimenatal groups

{unit : Kg/em2)
Duncan’s
Code boM:an sheatrh multiple range
nd strengths test result
PA-PO 10.3
MA-FC 194
PA-FC 199
DW-PO 215
PA-DW 220
DW-FC 226
PA-FO 241
CT-FC 255
MA-PO 265
CT-FO 278
CT-PO 316
MA-DW 322
DW-FO 375
CT-DW 436
DW-DW 458
MA-FO 52.1
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AE FA% Fa@sA 22 AE £99 HAdA
el vlAE Edd et vl Y, SF7
FE 2 A ALYz ALEEt Fold g A
AY§ 39S 360 kgf/em®e] AAZEE BIJo
o, ferric chloride € %-& o] &3t AHEF 4
$ 224 kgf/em’e] 2¥AE7} 23 H Q). Fe-
mric oxalate €902 23 A@ AolddA
334 kgf/cm®e) 2EA =S YRR T, potass-
ium oxalate §922 Az D FoE 238
kgf/cm’e] A2¥7Z=E BYch MYz 23
2] 49402 FHFS U ferric oxalate £
AT BE B2 ARAEE EIen, ferric
chloridet} potassium oxalate €902 A2
g A9 3 ARAEE BAY. Fig3dle 23}
A LA FHo we AFAEE vy 2
goltt,

13 A&7} 24 M4 F742] A
o) i3t AL WLZE 3o 239 ANOVA
(One Way Analysis of Variance) ¥413 A3}
£ Table 50 &:2F5tdt), 2 A7l 93d 13}
o} 2ztell AR AXE FAA 13} A2 &4
54, 744 2 A4 28 1 At 9] o
L vy FA Jelbd v, 23 X EEd
5, ferric chloride, ferric oxalate 1#] 3L
potassium oxalate &9 &A= F3FL A
e o2 bt

Shear bond strength (kgf/cm?)

Distilled water Citric scld Walele acid Phosphoric scid

Kinds of first treatment solutions
Fig.3. Comparison of shear bond strengths data for
the kinds of second treatment solutions.



Table 5. Summary of two way Anova test of treating method between first and second

Source of Variation Sum of Squares DF Mean Square F P
Main Effects 5307.783 6 884.623 2814 017
FIRST 2561.328 3 853.776 2716 052
SECOND 3266.901 3 1088.967 3.464 021
2-way Interacuions 2847.117 9 316.346 1.006
FIRST SECOND 2847117 9 316.346 1.006
Explained 8154.885 15 543.657 1.729 066
Residual 20749.327 66 314.334
Total 28904.182 81 356.842

« means the stafistical .differences
— DF : Degrees of freedom

I~ F :F ratio
— P Significance of F
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Fig.4. Both of First treatment solution was’
distiled water. (Control} Smear layer was intact
and the orifices of dertinal tubules were occluded.
(1500 x)

@ 43 23 (FH &9 A 14 AP

Figll& 7948 14 402 A} g3 & =
T2 22 A2e AZAM smear layer7t ¢
A3 AAHI gotAdo] WA vl
o Aot d NEY smear layer 3h T27}
7t WMEFHY gl o) Holx gt

Fig.12& ferric chloride €92 24 &40z
AHgste AE g Fo] &0 2 smear layer
o} WY ofg AolAwe FHEAI} BF
Ht Fig.13& Fig.129] oz A Aol

B A EdE Ve g

Fig.14< ferric oxalate £ 9L 23 XAz
AHESte] Aoldg AAE AozA T




DW-DW .. = &1 11 = Y Suom

Fig.5. Enlarged view of Fig.4. Tubule orifices were not
opened. It is shown that smear layer occluding the
orifice was consisted of small particles.(6000 x)

Fig.6. The dentin was treated with first and second
solution. First treatment solution was distilled water
and second treatment solution was 15% solution
of ferric chloride. Note marked cracks on the

smear layer. (4000 x)

Fig.7. Enlarged view of Fig.6. Orifices of tubules were
not still opened. Plenty of particles occluding the
orifices were shown. (10000 x)

Fig.8. First treatment solution was distilled ‘water and
second treatment solution was 6,8 % solution of
ferric oxalate. Smear layer was observed uncha-
nged.(3000 x)

Fig.9. First treatment solution was distiled water an
second treatment solution was 30 % solution of
potassium oxalate. Unchanged smear layer cove-
red with polygonal crystals considered as calcium
oxalate were observed. (4000 x)

Fig.10. Enlarged view of Fig.9. Calcium oxalate crystals
were obstructing the dentinal tubules’s openings,
and small particles were formed on the smear
layer. (10000 x)



Fig.11. First treatment solution was 50 % solution of
citric acid and second treatment solution was
distilled water. Smear layer was clearly removed
and the openings of dentinal tubules were obvi-
ous. Deformation of underlying structure beneath
smear layer was observed to some extent, (6000
X)

CT-FC .

Fig,12. First treatment solution was 50 % solution of
citric acid and second treatment solution was 15
% solution of ferric chloride. Changes of smear
layer and closing of dentinal tubules were exhib-
ited. (4000 x)
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Fig.13. Enlarged view of Fig.12. Closing effect of 15%
solution of ferric chloride on dentinal tubules after
treating with 50 % solution of citric acid. (10000 x)

-FO L5 on
'Fig.14. First treatm citric acid and
second treatment solution was 6.8% ferric oxalate.
Partial or full obstruction of dentinal tubules ope-
ned during first treatment using 50 % solution of
citric acid were occured. (3000 x)
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Fig 217 Fig.22+ potassium oxalate & 9&
22k HEAZ AHE F$ol Fig9, 10, 15 &



Fig,15. First treatment solutlon was 50 % citric acid
and second treatment solution was 30% potas-
sium oxalate. Opened dentinal tubules were com-
pletely closed by forming the plenty of calcium
oxalate crystals. (4000 x)

Fig.16. Enlarged view of Flg 15. Closmg ‘effect of 30 %
solution of potassium oxalate on the dentinal tub-
ules treated with 50 % solution of citric acid were
also confirmed. (10000 x)

! Lﬂ B & h i
Fig.17. First treatment solution was 10 % malelc aocad
and second treatment solution was distilled water.
Complete opening of dentinal tubules were occu-
red and some of smoothening effect to smear la-
yer were observed.(4000 x)

‘FC 4.3k onzs  Foky  Loum
Fig.18. First treatment solution was 10 % maleic acid
and second treatment solution was 15% ferric chi-
oride. Closing effect of dentinal tubules opened af~
ter treatment with 10.% solution of maleic acid
were exhibited. These effects were sarne with Fig.
12 and theirs enlarged view, Fig.13, (4000 x)

Fig.19. Enlarged' view of Flg 18. Substances formed
during 15 % solution of ferric chloride were obst-
ructing the orifice of the dentinal tubules. (10000 x)

Fig.20. First treatment solution was 10 % maleic acid
and second treatment solution was 6.8% ferric ox-
alate. Closing effect of dentinal tubules opened af-
ter treating with 10 % maleic acid or crystal form-
ations were not exhibited. (2000 x)
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Fig.21. First treatment solutlon was 10 % maleic acid
and second treatment solution was 30% potassi-
um oxalate. Closing effect of dentinal tubules by
the crystal formation as shown on Fig.9,10,15,and
16 were not appeared. (4000 x)

Fig.23. First treatment soutlon was 10% phosphonc
acid and second treatment solution was distilled
water. Prominent effects of acid etching were obs-
erved. Wide openings of dentinal tubules were
occured. (3000 x)
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Fig.24. Ftrst treatment solutlon
acid and second treatment solution was 15% ferric
chloride. A little closing effect of dentinal tubules
opened after treatment with 10% solution of
phosphoric acid was exhibited. These effects were
same with Fig.12 and its enlarged view, Fig.13,
however the degree of it was low. (4000 x)

Fig.25. First treatment solution was 10% phosphorlc
acid and second treatment solution was 6.8%
ferric oxalate. No evidence of large crystal forma-
tion was confirmed, but on the surface of smear
layer, a lot of small white dot like crystals were
observed. (5000 x)
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Fig.26. First treatment sdl_uiion was 10% phosphoric

acid and second treatment solution was 30% pot-

assium oxalate. Closing effect of dentinal tubules
by the crystal formation shown on Fig.9,10,15 and
16 were not appeared. (4000 x)
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Fig.27. Enlarged view . X)
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- Abstracts —

Effect of various cleaners and mordants to bond strength of light curing
glass ionomer cements to dentin

Won Seob Lee, DMD., MS.D., Sang-Jin Park, D.D.S., M.S.D.,, Ph.D.

Department of Conservative Dentistry, Division of Dentistry, Graduate School,
Kyung Hee University

128 freshly extracted human molars were used to study the interaction between dentinal smear
layer removal with various agents, and the shear bond strength of a light cured glass ionomer
cement to dentin.

It was proposed that the removal of smear layers using acidic cleaners followed by incorporation
of Fe mordant with dentin could enhanced the infiltration of monomer component in light curing
glass ionomer cement and resulted in a high bond strength. For the first treatment process for
removal of smear layers on the surfaces of dentin, 50 % citric acid, 10% maleic acid and 10 %
phosphoric acid were used, and for the second treatment process, 15% ferric chloride, 6.8% ferric
oxalate or 30% potassium oxalate were used. Distilled water was used as a control. After double
sequential treatment on dentin, a light curing glass ionomer cement was bonded to dentin. After
being immersed in water at 37°C for 24 hours, shear bond strengths were measured Instron testing
machine(Model No0.4202, USA). Surface changes were also observed using SEM (Hitachi, S-2300,
Japan) after treatment process with each agents.

The following conclusions were drawn @

1. Dentin surface cleaned with maleic acid and treated with ferric oxalate showed the highest bond
strength with light curing glass ionomer cement.

2. Bond strengths of glass ionomer cement to dentin treated with maleic acid or citric acid were
the highest, and that treated with phosphoric acid showed the lowest.

3. The effect of ferric oxalate on shear bond strength to dentin was always higher than that
of ferric chloride.

4, The smear layers were clearly removed and the orifices of dentinal tubules were opened widely
by the citric acid, maleic acid and phosphoric acid.

5. The orifices of dentinal tubules opened after using the first solution were closed with the
treatment of ferric chloride.

6.The precipitate like crystals were formed on dentin surfaces and tubules, but a significant
decrease in bond strength of glass ionomer cement to dentin surface treated with potassium
oxalate.
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