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Fig. 1. Fabrication of the specimen.
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The enamel surface was covered with nail varnish to form a window on the middle 1/3 of buccal surface. The
teeth were immersed in the dimineralizing solution for 7 days. Tooth crown was sawn in half through the mid-
line of buccal window along the long axis of premolar. The one blocks of premolar (test specimens) were
immersed in the remineralizing solution for 1, 2, 8 and 5 wks, while the rest (control specimens) were
immersed in a placebo solution for the same duration. Each specimen was embedded in epoxy resin, and was
sectioned perpendicular to the window. The spectrum density indices of Ca & P were measured in the sound
enamel, de- and remineralized enamel by FE-SEM and EDS.
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Sound enamel linescan

Photo No. = 3724
Date :5 Jun 2007

EHT = 20.00 kV
Mag= 100X

Detector = InLens
WD= 10mm

Fig. 2. Linescan was performed by means of FE-
SEM and EDS on the sound enamel.

R: epoxy resin, E: enamel,

D: dentin, Red line; Linescaned through the line
from the top of enamel to dentin, Magnification; X
100.

Remineralized enamel linescans

EDS

FE-SEM

EHT =20.00 kV
Mag= 100X

Photo No. = 3721
Date :5 Jun 2007

Fig. 4. Linescan was performed by means of FE-
SEM and EDS on the remineralized enamel.

R: epoxy resin, E; enamel, D: dentin, Red lines 1,
2, and 3. Linescaned through the lines at 3 differ-
ent areas from the top of enamel to dentin,
Magnification: x100.

ANB3 gAo2E CPP-ACP paste(Tooth Mousse, GC
Corp., Tokyo, Japan)& SH5ol 108] 3Aato] AFg-at5l o
o, 27 Ao E FHFE ARSI
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A7 A (UET)S 2 49 4mLel 37°C incubator
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Demineralized enamel linescans

Photo No. = 3717
Date :5 Jun 2007

Fig. 3. Linescan was performed by means of FE-
SEM and EDS on the demineralized enamel.

R: epoxy resin, E: enamel, D: dentin, Red lines 1,
2, and 3. Linescaned through the lines at 3 differ-
ent areas from the top of enamel to dentin,
Magnification: x100.
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One Week Remineralization
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Fig. 5. Trend lines of mineral profiles found in one week
remineralized enamel. Range of demineralized enamel
depth is expressed as a pink dotted band(1050~1100 um).
T-line of Ca-S: trend line of calcium in sound enamel, T-
line of Ca-R: trend line of calcium in remineralized enamel,
T-line of Ca-D: trend line of calcium in demineralized
enamel,

T-line of P-S: trend line of phosphorus in sound enamel,
T-line of P-R: trend line of phosphorus in remineralized
enamel, T-line of P-D: trend line of phosphorus in dem-
ineralized enamel.

A Remineralized enamel zone, B: Sound enamel zone
(undemineralized zone).
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Fig. 7. Trend lines of mineral profiles found in three weeks
remineralized enamel. Range of demineralized enamel
depth is expressed as a pink dotted band (1100~1150
um) .

T-line of Ca-S: trend line of calcium in sound enamel, T-
line of Ca-R: trend line of calcium in remineralized enamel,
T-line of Ca-D: trend line of calcium in demineralized
enamel,

T-line of P-S: trend line of phosphorus in sound enamel,
T-line of P-R: trend line of phosphorus in remineralized
enamel, T-line of P-D: trend line of phosphorus in dem-
ineralized enamel.

A1 Remineralized enamel zone, B: Sound enamel zone
(undemineralized zone).
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Two Week Rem ineralization
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Fig. 6. Trend lines of mineral profiles found in two weeks
remineralized enamel. Range of demineralized enamel
depth is expressed as a pink dotted band (1300~1350
um) .

T-line of Ca-S: trend line of calcium in sound enamel, T-
line of Ca-R: trend line of calcium in remineralized enamel,
T-line of Ca-D: trend line of calcium in demineralized
enamel,

T-line of P-S: trend line of phosphorus in sound enamel,
T-line of P-R: trend line of phosphorus in remineralized
enamel, T-line of P-D: trend line of phosphorus in dem-
ineralized enamel.

A Remineralized enamel zone, B: Sound enamel zone
(undemineralized zone).
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Fig. 8. Trend lines of mineral profiles found in five weeks
remineralized enamel. Range of demineralized enamel
depth is expressed as a pink dotted band (1050~1100
um) .

T-line of Ca-S: trend line of calcium in sound enamel, T-
line of Ca-R: trend line of calcium in remineralized enamel,
T-line of Ca-D: trend line of calcium in demineralized
enamel,

T-line of P-S: trend line of phosphorus in sound enamel,
T-line of P-R: trend line of phosphorus in remineralized
enamel, T-line of P-D: trend line of phosphorus in dem-
ineralized enamel.

A Remineralized enamel zone, B: Sound enamel zone
(undemineralized zone).
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Table 1. SDI of Calcium and Phosphorus in Demineralized(D), Sound(S), and Remineralized(R) Enamel

Depth
(im)

1 week 2 weeks 3 weeks 5 weeks

Ca P Ca P Ca P Ca P

b §s R b § R D § R D S R D S§ R D S R D S§ R D § R

0 220 580 620 11.0 440 410 220 460 230 150 340 230 05 500 260 12 220 120 489 470 500 351 23.0 35.0
50 489 672 623 3b1 465 419 481 509 593 347 40.7 317 37 682 6.6 27 505 392 534 621 d42 396 40.8 427
100 534 630 716 39.6 471 508 9555 604 59.9 373 409 403 489 729 608 351 473 425 515 602 631 36.6 41.2 435
150 51.5 659 683 36.6 449 480 552 96 613367 402 395 534 646 616396 450 39.1 553 611 604 40.3 42.0 44.5
200 5.3 615 70.3 403 40.7 520 569 60.1 619405 424 422 515 686 613 36.6 459 409 528 651 639 37.7 422 43.1
250 52.8 615 664 37.7 451 19 56.0 572 57.7400 419 41.0 553 680 614403 451 435 548 60.7 637 349 39.9 43.0
300 54.8 59.5 713 349 456 491 572 60.2 62.7 41.5 423 445 528 669 61.6 371.7 459 439 526 633 599 389 414 431
350 52.6 62.5 689 389 422 504 588 60.8 60.5 359 37.6 429 4.8 651 621 349 432 407 544 647 586 385 40.5 424
400 548 61.8 69.1 385 430 486 585 60.7 665365 399 424 526 633 60.7389 447 421 532 621 63.0 387 46.3 40.1
450 532 642 70.7 387 423 508 584 610 658 366 382 443 544 644 652385 441 453 552 622 665 347 408 BT
500 55.2 61.0 69.5 347 433 46.7 596 613 60.6 40.2 40.6 444 532 630 61.4 387 447 407 526 645 647 36.6 45.7 415
550 52.6 64.0 686 36.6 40.3 473 611 672 66.540.0 408 414 552 65.7 61.2 347 462 387 517 613 647 37.5 435 464
600 51.7 639 T24 375 466 474 628 646 646409 436 425 526 633 617366 435 440 585 602 634 375 39.9 40.3
650 58.5 60.7 68.7 375 420 499 623 682 679401 426 46.7 51.7 656 588 375 435 371 588 61.1 638 372 46,5 42.9
700 58.8 60.3 66.1 372 46.0 48.7 575 651 704 403 425 434 585 643 60.8 375 404 418 529 641 654 40.1 43.3 486
750 52.9 61.5 694 40.1 431 48.0 595 60.2 69.2 40.5 463 51.1 588 655 959.5 372 463 434 540 66.1 61.1 37.0 46.0 458
800 54.0 61.3 66.7 37.0 434 479 595 636 716405 443 490 529 586 625401 413 432 573 644 654 39.0 424 439
850 7.3 595 2.2 390 402 443 598 619 684 397 456 485 540 648 606 370 417 424 584 620 66.1 39.6 46.9 474
900 584 59.6 69.1 396 412 455 604 66.1 679429 455 469 573 579 595390 417 425 556 648 657 416 46.2 43.2
950 55.6 625 T4 416 449 463 60.1 654 665390 471 496 584 627 646396 417 405 588 629 66.7 37.8 474 454
1000588 60.3 634 378 420 469 60.8 664 715385 455 463 55.6 57.0 591416 411 439 60.3 66.7 704 441 43.2 46.7
1050603 600 634 441 450 458 60.9 60.9 653 394 479 456 588 59.1 613 378 396 415 582 625 634 448 482 445

Table 2. Statistical analysis of SDI of Calcium and Phosphorus in Demineralized(D), Sound(S), and Remineralized(R)
Enamel

Depth

() 1 week 2 weeks 3 weeks 5 weeks
u
Ca P Ca P Ca P Ca P
D** S R** D** S R** D** S R D** S R D** S** R D** S** R D** S R D** S R
** 1 p<0.05
Ca/P9] SDIET} o4 A SA JERTH(p<0.05). Tt 1 I =290
T 259 AgskE WA SDIe Ad WEde SDI
Heh 794 Al E=A e tH(p<0.05). 22y 3FTelA = CPP-ACP+= paste @& 7t ope} 77 A& A, F

Agshe Jae] SDI S akel A AR fo4 Al vk A7} o] thekst el = Al FH . Reynolds(2003)5"
LI TH(p<0.05). ol Hlal hFTellxe ABstd Hardo < 77 AHY FE 2 AFEE CPP-ACPE CPPE A8 W
SDIE A7 W SDIeF fF2gt #4o]7} glAth(Table 1, utg 2o} U gl wjute] BZAA 2L A4 A9 cal-
2). cium™ inorganic phosphate ion® 52 24 JA Z7t

AFste WAy g3| g Atele] Ca/Pel SDI9 A Atk Bag v} 9lk. CPP-ACP7} paste FEE A1 35
o] Ft& CPP-ACPel olall AEH Ca/P o]&2] Jth2 7 &k W, SAEL o] AL A& I A H T4 I &FoR
olg} & & it} 15779 Agstd WAz} g3 U3 7t A AHESIAY HE-E o] gate] AMEE 4 Ty AR
9] Ca/P9) SDI9| #}o] gho] 25+, 3FT & 55l w8 Holl A Alggsts Aol ok X|o} RI7HAo]l el A9
o4 01741 =7 JebE 1 (p<0.05), 25, 357 % 55 A CPP-ACP paste® ¥ Eglo]d] A&3to] Al-&3stH )33}
ol & o3t ko] 7} flitH(Table 3, 4). o &l Xo} RIS Y F 9lom, Xo} S WA

—
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Table 3. SDI of Calcium and Phosphorus between Remineralized and Demineralized Enamel

D(i;); . 1 week 2 weeks 3 weeks 5 weeks
Ca P Ca P Ca P Ca P

0 40.0 30.0 1.0 8.0 25.5 10.8 1.1 -0.1
50 13.4 6.8 11.2 3.0 52.6 36.4 0.7 3.0
100 18.2 11.2 4.5 3.0 11.9 7.3 11.5 6.9
150 16.9 11.4 6.1 2.8 8.2 -0.6 5.0 4.1
200 15.0 11.7 5.0 1.7 9.7 4.3 11.1 5.3
250 13.6 14.2 1.7 1.0 6.0 3.1 8.9 8.1
300 16.5 14.2 5.6 3.0 8.8 6.2 7.3 4.1
350 16.3 11.5 1.7 7.0 7.2 58 4.2 3.8
400 14.7 10.1 8.1 58 8.1 3.1 9.8 1.3
450 17.5 12.1 7.5 7.6 10.7 6.7 11.2 11.0
500 14.3 12.0 1.0 4.2 8.1 2.0 12.1 4.9
550 16.0 10.7 5.5 1.3 59 4.0 13.0 8.8
600 20.7 9.9 1.8 1.6 9.1 7.4 4.8 2.7
650 10.2 12.4 5.7 6.7 7.1 -0.5 5.0 5.7
700 7.3 11.5 12.8 3.1 2.3 4.3 12.4 8.5
750 16.4 7.9 9.7 10.5 0.6 6.1 7.0 8.8
800 12.7 10.9 12.2 8.6 9.5 3.0 8.0 4.9
850 10.7 59 8.6 8.8 6.6 54 7.7 7.8
900 15.8 4.7 7.5 4.0 2.2 3.5 10.1 6.6
950 4.6 9.1 6.4 10.6 6.2 0.9 7.9 7.6
1000 3.1 1.7 10.7 7.8 3.5 2.3 10.1 2.6
1050 8.5 2.1 4.4 6.2 2.5 3.7 5.2 -0.3

Table 4. Statistical analysis of SDI of Calcium and Phosphorus between Remineralized and Demineralized Enamel

Depth
(um)

1 week 2 weeks

3 weeks 5 weeks

Ca** p** Ca

Ca Ca

1 p(0.05

e o rE ol g1 ). Shen(2001) TV
Lijima(2003) &2 CPP-ACPS| &-&3t T 7o <]t
AFsl ATE AANA A & A2 CPP-ACP7E £ $A
@& Ao Hlg] CPP-ACPE &3t ZolA Hade A3}
Hl&o] frold A S7hettta Easklh. B8 Lijima 5
SCPP-ACP| <J3f #gstel yatdo] Akl diste] o 2 A
& 7RItk Baustelth. Cai(2003) 59& CPP-ACP7F
EoE AR HFE APt AFE YA A Al A7}
A Al CPP-ACPS H#4 A3slE 7FestA ot= el
g vt Husisd
Reynolds(1997)"= Atgte] X|ofell CPPE Mg shd calci-
um phosphate solutione #-§-¢+ A|H-& microradiography
2 #9933 microphotomrtryE o|-&3te] F7]129] A Hu|&
2 3tete W E SEM 9 EDS(Energy Dispersive
Spectroscopy) & AH&-8ted Ca/Pe] AAH&E A, €3] 4

283

AFst oA St WHoR 80~ 110me] B3] Zlo
o} 2 63.9%A%stE 183 Ca/Pe] Aid A A&
=712 Bt} 23 Shen'"S5 3 Cai® %% microradiog-
raphy$} F7129] densitometric profileE ©]-&3sle] CPP-
ACPY| A3t A5 77149 AA vl&S Hrlete], 242
152%, 176%2 AFeteS Hauslich. 9 A A3E

e m 283 Azto] theyal) sk, WY

25 CPP-ACP+&

T 10 ©
o A3t H =g 7714 Ee Ca/PY A AAH &2 B

B3t At ARt o], asln
oA CPP-ACPel 93] F54
33} zlolok AT Ca/P o9
& Reynolds”7} pH4.82 244

azam
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A7 &3] gado] A sto] 1050~ 1350ume] &3] 2ol =
Atk 12l Ca/P o] A% ZolE 4] fal SEM
< AHEste] 50um Zelwit} Ca/Pel SDIE AlZ3td]
BTN S Aldeth. 1 23 1799 CPP-ACP 4

RS 710]E 040 2~ 0]

% ED
FiA
o= T ST T

% 1350ume]’de] Ca/P ©]&¢]
ATH

Figs 5~8 o Yehd Ca/Pe] SDI FA142 &3] zlo] 99
= U= FA4 o] 334 Aodg ZA = st EH—%“—?
o7 2709 YR FESt & F el (A)e
A o4 (Remineralized enamel zone) 224 Ca/P«] A%

FAde] AANFAE FANEG Aol 94?]'3}—‘5 AeE
BT 53] 157 3 274 1 Ao F8A veRd
o B)e 14 H32 49 (Sound enamel zone =& un-
demineralized zone) 222} A3} F=A|Xo] AMHEA F=A
A3} frake AkE Bk o] Ca/Po] ATl (B)EY
o A& AAFY Fha Aol YEhves R A ‘J
o} webr CPP-ACP o <% Ca/P ©]&<] A
B Hed Zojo} #Egdo] vk ATET

Table 1°4¢] SDI £gx|¢] 125 &3 A 7|3t 24
23] Wl Ca/PY SDI+ A4 W<l Ca/P2| SDIETH
frod A BHA YEbE S-S & Ah(p0.05). 282, 15
T 2o Al HEEe] Ca/PY SDI= A W
Ae] Ca/Pel SDIET f9/d Al =4 b (p0.05)
3FwollM = 28l8 At HEEe] Ca/Pe SDIE 14 W
g2 e] Ca/Pe| SDIETH o4 Al SA e (p<0.05),
5FAE = Aleld FoA sl Aol 7t fISiT.

Table 2= 7171l W2 Ca/P] MFHE JUldoz B
3 YT 1FE 25, 35 B 5w Hl gl S o) A5
ol oA A =A ‘/‘rE}‘“LOUr(p@ 05) 717tel| W& Tk
9] ztol= FATH FrolidS HolA] &3thHp)0.05). Table 1
¥ 29 A FE B, 1579 27 e Ao AR
gt Ca/P7} HHA Ax FIZEHE FA8] A8l 37T

oA Ca/Pe &F°| Loy} SDIS| dA g 47t veha,

EFaoe Ca/Pe AAFE A3t Hade] SDIoF 14

WA SDIZF fAbekA vebd Blojgta & 4 it
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Abstract

REMINERALIZATION DEPTH OF CPP-ACP ON DEMINERALIZATION HUMAN ENAMEL IN VITRO

Han Ju Choi, Yeong Chul Choi, Kwang-Chul Kim, Sung-Chul Choi

Department of Pediatric Dentistry and Institute of Oral Biology, School of Dentistry, Kyung Hee University

Many studies regarding Casein phosphopeptides—amorphous calcium phosphate(CPP-ACP) have
demonstrated the remineralization ability on the demineralized enamel surface. A question is still re-
mained that how deep can the calcium (Ca) and phosphorus (P) ions supplied by the CPP-ACP paste
penetrate into the enamel subsurface. The aims of this study were to measure the penetrating depth of
Ca and P ions in the demineralized human enamel in vitro, and were to determine the amount and depth
of Ca and P ions according to the duration. The amount and depth of Ca and P ions were measured by
microscopic observation with Field Emission Scanning Electron Microscopy (FE-SEM; LEO SUPRA 55,
Carl Zeiss, Germany) and Energy Dispersive X-ray Spectrometer (EDS; GENESIS 2000, EDAX, USA:
Linescan of Calcium and Phosphorus).

Freshly extracted four human 1st premolars were obtained from the Dept. of Pediatric Dent., Kyung
Hee Univ. Buccal surfaces of the 1st premolars were covered with nail varnish to form a window on the
middle third of buccal surface. All of the teeth with enamel windows were immersed in a solution of 0.1
M lactic acid, Carbopol C907 (carboxypolymethylene BF Goodrich, Cleveland, OH, USA) at pH 4.8, and
then incubated for 7 days. Each tooth crown was sawn in half through the midline of buccal window
along the long axis of premolar. The four blocks of premolars were immersed in a 10-times diluted solu-
tion of CPP-ACP paste (Tooth Mousse, GC Corp., Tokyo, Japan) for 1, 2, 3 and 5 weeks while the rests
were immersed in a placebo solution (distilled water) for the same duration. Each specimen was embed-
ded in epoxy resin, and was sectioned perpendicular to the window, using a water—-cooled diamond blade
saw. The spectrum density indices of Ca and P were measured in the sound, de- and remineralized
enamels by FE-SEM and EDS. The Student s t test was performed to compare the Spectrum Density
Indices (SDI) of sound, re-and demineralized enamels, and to compare the differences among the dura-
tions.

Followings are the conclusion :

1. The penetration depth of the remineralizing ions (Ca & P) of CPP-ACP paste is related to the depth
of demineralized enamel (approximately 1050~1350 um). It is revealed that the penetration depth of
both ions reaches full thickness of decalcification and even slightly into the sound enamel.

2. The Ca & P levels of remineralized enamels in 1, 2 weeks were significantly higher than those of the
sound enamels (p<0.05).

3. No statistically significant difference of Ca & P levels was found in relation with the increasing du-
ration of remineralization (p>0.05).

Key words : CPP-ACP, FE-SEM, Remineralization, Premolar
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