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— Abstract

MORPHOLOGIC CHANGE OF DENTIN SURFACE
ACCORDING TO THE DIFFERENCE IN CONCENTRATION AND
APPLICATION TIME OF PHOSPHORIC ACID

Myeong-Su Kim, Young-Seok Ohn, Kwang-Won Lee, Ho-Hyun Son*

Department of Conservative Dentistry, School of Dentistry, Chonbuk National University &
Institute of Dental Science, Seoul National University*

The depth and patterns of demineralization according to the difference in concentration
and application time of phosphoric acid were observed through the transmission electron mi-
croscope, and shear bond strengths to the acid-conditioned dentin were then measured and
compared with the TEM results. To investigate the influence of polymer addition into the
phosphoric acid and the effect of difference in concentration and application time of the
acid, the specimens were randomly divided into 9 groups. Among the specimens, the ex-
posed dentin surfaces were acid-conditioned with 10% polymer-thickened phosphoric
acid(All Bond 2, Bisco, U.S.A.) and aqueous 10%, 20%, 30%, 40% phosphoric acid for 20
seconds, The rest of the specimens were acid-conditioned with 10% phosphoric acid for 15s,
30s, 60s, 120s respectively, The specimens were immersed in 4% glutaraldehyde in 0.1M
sodium cacodylate buffer and postfixed with 1% osmium tetroxide without decalcification
and then observed under a JEOL Transmission Electron Microscope(JEM 1200 EX
Il,Japan). After the specimens were acid-conditioned as the above, primer and adhesive
resin were applied to blot-dried dentin and shear bond strengths were then measured and

analysed.
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The results were as follows :

. The intertubular demineralization depth of 4.0-5.0um in 10% polymer-thickened phosphoric
acid gels was similar or slightly deeper than that of 4.0-4.5mm in aqueous 10% phosphoric
acid solution,

. The intertubular demineralization depth of aqueous 20%, 30% and 40% phosphoric acid
solution was 6.5-7.0um, 65-7.5um and 9.0-15.0um respectively. It showed that the depth of
dentin demineralization is partly related to the concentration of phosphoric acid solution.
. The intertubular demineralization depth of aqueous 10% phosphoric acid solution in ap-
plication time for 15s, 30s, 60s and 120s was 2.5-3.0um, 4.0-6,0¢m, 6.5-7,0im and 8.5-14.0
um respectively. It showed that the depth of dentin demineralization is directly related to
the application time of phosphoric acid solution.

. The partially demineralized dentin layer between demineralized collagen layer and un-
affected dentin was showed to a width of 05-1.0im in lower concentration groups treat-
ed with aqueous 10% phosphoric acid for 20s, 60s, 120s and 20% phosphoric acid for 20s,
. The demineralization effect at the border of intertubular-peritubular junction was less ev-
ident than that in the peritubular and intertubular dentin. The collagen fibers in the in-
tertubular dentin had a random orientation, whereas those that lined the tubules were
circumferentially aligned. The cross-linkage of dentinal collagen in demineralized collagen
layer was clearly seen.

. A statistically significant difference of bond strengths according to the difference in phos-
phoric acid concentration did not exist among the groups treated with 10%, 20%, 30%
and 40% acid solution (P)0.05). However, bond strengths to the treated dentin with 10%
phosphoric acid solution for 30s were significantly higher than that for 120s (P<0.05).
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Table 1. The treatment groups on exposed dentin surfaces used in the experiment

Differences in concentration

Differences in application time

Group 1 10% H3PO4(G), 20 seconds
Group 2 10% H3PO4(L), 20 seconds
Group 3 20% H3PO4(L), 20 seconds
Group 4 30% H3PO4(L), 20 seconds
Group 5 40% H3PO4(L), 20 seconds

Group 6 10% H3PO4(L), 15 seconds
Group 7 10% H3PO4(L), 30 seconds
Group 8 10% H3PO4(L), 60 seconds
Group 9 10% H3PO4(L), 120 seconds

* (G:polymer-thickened gel etchant, L :liquid etchant)
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Table 2. Effect of differences in concentration and applied time of H3PO4 solution on shear bond strength

to dentin(n=10)

Dentin conditioning

Shear bond strength (MPa)

10% HsPO: solution, 20 seconds 154+32
20% HsPOs solution, 20 seconds 172+28
30% HsPO. solution, 20 seconds 166+23
40% HsPO: solution, 20 seconds 167128
10% HsPO: solution, *15 seconds 177x25
10% H:PO: solution, 30 seconds 192+42 -
10% HPO: solution, 60 seconds 175424
10% HsPO: solution, 120 seconds 152+27 —1

* :statistically significant difference(P<0.05)

MPa

10% 20% 30% 40%

Concentration

Fig. 1. Shear bond strengths to acid-conditioned
dentin for 20s according to the difference
in concentration of phosphoric acid.
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MPa

120s

15s

30s 60s

Application time
Shear bond strengths to acid-conditioned

dentin according to the difference in ap-
plication time of aqueous 10% phosphoric

Fig. 2.

acid,
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EOE FHAA AAY Tl U dold
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AF7AEo 2 FAEE X5 et S 3
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FERAE FLAZ] Fo] oA 2AgHo R
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T B2 AnEo| IAF e VA E 2=
YA (probe) & AHE-317] W&o A9 AL
Az Az WE] WA YS &4 2 oid &
}(charging effect) E¢ll 3] ZXE A3t =
g F 9SS AF3 Yot olHTd TAHES
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3} & 4 = AFM(atomic force microscopy) 3
ZE& 7171E AHEE dl7] ZdE (atmospheric
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flectance) 9| Y} MIR (multifle internal reflectance)-
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7t REFROZ FHoFS By
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layer)o] ¥]¥A & FT9l 10% UAHEH 20
% AL 602 ¢ 1202 HLE T 20%
Qarg el g 207 AL FolA #EEH Atk
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7ot Z e A3 wakdgle] FE L
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T fAHT o

6. 10%~40%2 7t7] O& Fxe UdEd4E 3
43 Y ENA FTHsl W AR
9] fo% Aol YEIEA] FATHP0.05). 1
HU 10% QAHE A FHLA7F F7te e
AT ] WaldA 12027 343 AFPZ9
A $AT7F 027 FLE Al v
Fo8A HA velTh(P{0.05).
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Explanation of Figures

. TEM observations of the demineralized dentin specimen treated with 10% polymer-thickened phos-
phoric acid gels for 20seconds,(DD:Demineralized Dentin, UD:Unaffected Dentin)

(TEM X 1500, bar represents 5um)

Higher magnification TEM of fig, 3a. Note sharp demarcation between the demineralized dentin
and unaffected dentin.(DT:Dentinal Tubule) (TEM X2500, bar represents 2um)

Higher magnification TEM of fig. 3b. The horizontally running collagen fibrils in the intertubular
dentin and circumferentially aligning fibrils that lined tubules can be seen.

(TEM X5000, bar represents 1um)

TEM observations of the demineralized dentin specimen treated with aqueous 10% phosphoric acid
solution for 20s.(white arrows:lateral canal) (TEM %2500, bar represents 2um)

Higher magnification TEM of fig. 4a. Note electron dense black structure at the border of inter-
tubular-peritubular junction (straight black arrows). Curved black arrows indicate lateral canals,
(TEM Xx5000, bar represents 1um)

Higher magnification TEM of fig, 4b. Both of horizontally and perpendicularly running collagen fib-
rils into the interface can be seen, (TEM X 10000, bar represents 500nm)

TEM observations of the demineralized dentin specimen treated with aqueous 20% phosphoric acid
for 20s. Note the perpendicularly running collagen fibrils into the interface, White arrows indicate
the junction between the partially deminalized dentin layer and unaffected dentin,

(TEM X2500, bar represents 2um)

Higher magnification TEM of fig, 5a. Note the perpendicularly running collagen fibrils info the in-
terface in the intertubular dentin, (TEM X5000, bar represents 1um)

Higher magnification TEM observations of another demineralized dentin specimen treated with
aqueous 20% phosphoric acid solution. The partially demineralized dentin layer(PDD) between dem-
ineralized collagen layer and unaffected dentin can be seen to a width of 0.5-0.8um.

(TEM X5000, bar represents 1um)

TEM observations of the demineralized dentin specimen treated with aqueous 30% phosphoric acid
solution for 20s, (TEM X 2500, bar represents 2um)

Higher magnification TEM of fig. 6a. Note the horizontally running collagen fibrils in the intertubular
dentin,(TEM X5000, bar represents 1;m)

Higher magnification TEM of fig, 6b, The circumferentially aligning collagen fibrils that lined tubules
can not be seen clearly, (TEM X10000, bar represents 500nm)

TEM observations of the demineralized dentin specimen treated with aqueous 40% phosphoric acid
for 20s. Note sharp demarcation between the demineralized dentin and unaffected dentin.

(black arrow :tubule orifice), (TEM X2500, bar represents 2um)

Higher magnification TEM of fig. 7a. The running direction of collagen fibrils at the border of in-
tertubular-peritubular junction is changed abruptly (curved black arrow). (TEM X 5000, bar rep-
resents 1;m)

Higher magnification TEM of fig. 7b. The cross-linkage of dentinal collagen in demineralized col-
lagen layer can be clearly seen. (TEM X 10000, bar represents 500nm)

. TEM observations of the demineralized dentin specimen treated with aqueous 10% phosphoric acid
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for 15s. (TEM X 2000, bar represents 2um)

Higher magnification TEM of fig. 8a. (TEM X5000, bar represents 1um)

TEM observations of the demineralized dentin specimen treated with aqueous 10% phosphoric acid
for 30s. White arrows indicate the junction between the partially deminalized dentin layer and un-
affected dentin, (TEM X 2500, bar represents 2um)

Higher magnification TEM of fig. 9a. (TEM X5000, bar represents 1um)

TEM observations of the demineralized dentin specimen treated with aqueous 10% phosphoric acid
for 60s. The partially demineralized dentin layer(white straight arrow) can be seen to a width of
05-1.0 . White curved arrows indicate lateral canal. (TEM X 2500, bar represents 2um)
Higher magnification TEM of fig. 10a. The disintegration within the demineralized dentin layer due
to the increased depth of demineralization can be seen partly as the electron dense black line
(black arrow).(TEM X5000, bar represents 1um)

TEM observations of the demineralized dentin specimen treated with aqueous 10% phosphoric acid
for 120s. The disintegration(black arrows) is gradually increased.

(TEM X2500, bar represents 2um)

Higher magnification TEM of fig. 11a. The partially demineralized dentin layer(white arrow) can
be seen to a width of 1.0um.(TEM X5000, bar represents 1um)
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Fig. 6 b

159






161





