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Surface A, Treatment Area
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Fig 1. Window Method
The Area of The exposed Enamel averaged
about 14mm2, Layer samples were
obtaind by repeatedly exposing the Surface
Enamel to 2ml 0.5M HCLO, for 5 minutes and

3 times.
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A-Area:Filter Paper Disk
28.26mm2 ( ¢ 6mm)
Fig 2.Micro—sampling
The Paper Disk impregnated with 10pu 1
0f 2M Perchloric Acid was fixed to the

Surface Enamel for 3 minutes.
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VR ; Variable Resistance
E ;9volt ~ 100volt
uA; ¢ A Ammeter

2.8 % NaF Solution

Fig 3, Apparatus used for lonphoresis of

Fluoride solution in Vitro
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SNR 4

2.8%NaF Solution

E; 9V ~ 100V

VR; Variable Resistance
R ; Resistance

S 5 Switch

uA 5 pA Ammeter

Fig 4, Apparatus used for Ionphoresis of

Fluoride solution in Vitro

wRIXPN~A 7T A= —FX VY, EIRITV
~100VOFEEREEM A FIH L T\ 5,
(4. 1) Windowit % Jifa L 72 B Sk E B 2P I2 DWW T, ¥
3T L, R LY +BERAL, —M L iz
8%NaF /KKK 12 {E L, KB RBEOBEELIT -7,
(4. 2) R FIZHONTIE, KA T &L B A F
WAL, BEIZIEHFRIZ2. 8%NaF/KIEHR % =715
L7ic7 7 vkk—EBMOBEFZEHEIE, +MOE
WM TFRRICEEA ST, 7504 A+ minute (150 1 A5
SR BEEEIToT-, EERICESN S EFIL.
G EOFEMNBMEL TV D EEREICEHES
AT B, thmOFRIREZ —EICRDOLEN H
LDT, BHIZAr—V 7%, BNES VY
T, IR = T 2T, e < L=,
ZO®BRT NI THER L, BREFAEKTRETIC
Bev, BT TR L 72,
(&Fﬁ%ﬁMﬂcomfﬁw o
Instruction Manual 726 ONIUTHE OF#EICYE
U, hFEEMIEICLY ., FOEREZIT- -, BRENRIK
1mliZ0. SMEEEE T b U U AR R & D W TR A 4
5 A E AR EIR A N %, phb5. 0172 % K 9 IZFAHEI L
Too DOICFHEMERKE LT, 0,1 ugF/ml, 1.0ugF

S ml D2, F£721%, 1.0 gF/ml, 10 gF/mld2
Wik =T 5, Z OREEEP R TENE (V) 2 H]
L, BAAALYIERK, FREZ X HEIZFEA LT,
2R A EA TS, WA IHIE LB OB E %2 KR
BTy FL, REAZIET 5D, ORIONFEA A
YA =F 40T, p g EREHE G AR 2
s Tnaeo, #MfidTniL, A —%— ECTHE
MCED,

(@PE%&MﬂC@“T

TN, BET oL, =Y 7T VBT
T=EIC KD PEEE T oo, BRERSHRO. Sml &
Az TCeml & L, BEMEEELEICEY, £V
7T U FIREA 2N 2, 105 MAkE %, 1655
fi] + 4500r. p. miZ CiELLE L, EAERRE T 7 A
EMEIC L D AKFEAR 7 TRRLDICHBIRET D,
DWW TILEt % 1 N—HC14m] T L. B HIZm DIk B
L. EEAORSIBREZT 5, #H2RIEEH 21T - 1214,
T MCEMZ, REEEREL, PEEICI0Om 1 & T
. WIRITENAZEL, BRI %EEERD
DUBEET D00, WEIXERLIODRERIZIT S,
FEIEAFHIZB W T ES28m u & VW TiFid =R & i

L., MEREIERL, PEZIET D,

(7) CaiE mEAEIZ DN T

R Bl 0. 5m 1 Z 10mlE DAy S 12 & 0 . Ak
2 harF T AERKRO. 25ml (BFEPA A UBRED-
W) . BIOFEEKS. 6mlE Nz 5, WiREZBEL
NG, ZHEACEEERL. 00ml &2 N 2. T4 M ME T 5,
OXIIHMELOBEL-% (BREA) . EBERE
JRA R Y EFHC TR EEZRE L, RERE
AWT, CaBZHIET S,

BVE  FEBRAE

1) In Vitro® EERELHE

KR ORFTBMIC LD PHLABEEOETD
HIX, REBHEEEICZEOFZILE I, Mgt
WA IInsZ il b, £ T, WK ESHOT
XOEME AR L, BHERBITBMIEF A 48 AL
EDOFIMEE LB BRFTT D 720 RS H R E
HHE M A HWT, EREITo7,

(1.1) FA AV EAEICBIT 2 EMBEERICOWNT
(#F1,™5) ,

FA A B AOBEREY AL CEE L%, BEE
BREPOOFBUARZMFTT 2700, ik L b
Y B R IS WindowlE A M L. ALBRE 12



Table

1.Relationship between Fluoride Contents Surface Enamel and Different Quantity

0f Electrical Current in Iontophoresis

Layer
1 st 2 st 3 st
Treatment
T 1.08~1.43 0. 29~1. 00 0. 25~0. 50
Range
(ug/2ml)
pas c|lo.35~1.14|0. 23~0.43| 0. 17~0. 28
250 u A-minute T 1. 38 0. 57 0. 36
Mean
C 0. 68 0. 33 0. 24
Increase % 202. 6 170. 5 153. 2
T 3 18~6. 00 0. 93~2. 56 0. 55~1. 11
Range
2ml
(ug/2m) C 0. 54~2. 76 0. 31~0. 81 0. 23~0. 47
750 1 A*minute T 4. 97 1. 28 0. 81
Mean
C 1. 32 0. 52 0. 36
Increase % 376. 3 247. 9 228. 1
T 8. 30~9. 98 0. 98~3. 80 0. 48~0. 90
Range
2ml
(ug/72ml) c|lo.34~1.32|0. 19~0.56 | 0. 17~0. 36
1500 © A*minute T 9. 36 2. 05 0. 74
Mean
C 0. 87 0. 45 0. 29
Increase % 1080. 4 451. 5 260. 1

T:Treatment Group

C:Control Group
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Table 2.Phoshorus Contents of Surface Enamel

1 st 2 st 3 st
Treatment er
T 91. 8~95. 4 78. 0~96. 6 92. 7~102. O
Range
(ug/ 2ml)
nes C| 86. 4~92. 4 | 90. 0~93. 6 | 89. 4~92. 4
8%SnF,
T 93. 9 89. 0 95. 9
Mean
C 90. 5 92. 1 90. 6
Increase % 103. 8 96. 8 105. 9
T 95. 4~97. 8 95. 4~99. 0 87. 6~96. 6
Range
2ml
(i g/2ml) c| 88. 2~90. 0 | 85. 8~89. 7 | 88. 2~93. 3
2. 8%NaF
T 96. 4 96. 7 94. 2
Mean
C 89. 1 87. 8 89. 5
Increase % 108. 1 110. 2 105. 2
T 93. 6~96. 6 7T7. 4~94. 8 93. 6~96. 6
Range
2ml
(i g/2ml) C| 74. 4~90. 0 | 88. 8~92. 4 | 86. 4~91. 8
Po, - NaF
T 94. 8 80. O 95. 6
Mean
C 81. 7 91. O 89. 6
Increase % 116. 0 96. 7 106. 7
T 4 7. 7T~54. 2 47 1~58. 46. 5~54. 0
Range
2ml
(i g/2ml) Cl89. 3~109. 4|94. 2~126. 2|93. 0~118. 5
Tontophoresis
T 51. 1 51. 8 50. 5
Mean
C 99. 4 102. 6 101. 9
Increase % 51. 5 50. 4 49. 6

T:Treatment Group
C:Control Group
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i NoA, FWRELITEZ RV, Ll FA A EAR
5 CEBWTIE, s BE OB HPES 1899, 4 4 g/2ml, H2fE1
2°°] 02.6ug/2ml, ZE3E101.9u g/2ml (CEHIE) 1ZH~_T, A&
£ 501 P PHMENL., 451851, 1ug/2ml, 52JE51. 8 u g/2ml, #3JE50.
* 401 5ug/2ml CERIME) &K 0 &I E S HE R
Layer] & B 2 [SP 82 2[ % = ®mlex T D P%@{&/}\%gﬁbfto
2 0w 2 o m 2 8 ® e
8% Sn F2 2.8% NaF PO4 —NaF |lontophoresis
Table 3.Calcium Contents of Surface Enamel
Treatment Layer 1 s t 9 st 3 s t
Range T 1.16~1.54 1. 20~1. 54 1. 24~1. 58
(ug/2n1) cC| 0.96~1.56 1. 36~1. 56 | 1. 34~1. 64
8% SnF, T 1. 34 1. 43 1. 49
Mean
C 1 45 1 4 4 1. 45
Increase % 92. 8 99. 6 102. 5
Range T 1. 30~1. 60 1. 30~1. 60 1. 30~1. 61
(ug/2ml) C 1. 62~1. 71 1. 40~1. 78 1. 76~1. 88
2. 8%NaF T 1. 48 1. 49 1. 44
Mean
C 1 67 1. 56 1 8 3
Increase % 88. 4 95. 2 79. 0
Range T 0. 90~1. 12 1. 02~1. 36 1. 18~1. 46
(ug/ 2n1) C|l1.36~1.80 | 1. 68~1. 92 | 1. 68~1. 96
Po, - NaF T 1. 00 1. 22 1. 35
Mean
C 1 58 1. 82 1 80
Increase % 63. 0 6 7. 4 74. 8
R T 0. 61~1. 08 0. 81~1. 61 1. 16~1. 80
ange
(ug/2ml) C 1. 13~2. 32 1. 52~2. 78 1. 60~2. 68
Tontophoresis T 0. 79 1. 16 1. 50
Mean
C 1 6 0 2. 01 2. 09
Increase % 49. 7 57. 8 717

T:Treatment Group
C:Control Group
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Table 4.Fluoride Contents of Surface Enamel
Treatment Layer 1 s t 2 st 3 st
Range T 0.47~0.99 0.30~0.54 0.29~0.45
(1 g/ 2m1) C| 0.44~0.66 0.23~0.36 0.25~0.38
8% SnF, T 0.64 0.38 0.35
Mean
C 0.55 0.31 0.28
Increase % 115.0 125.1 122.5
Range T 0.63~1.18 0.35~0.53 0.25~0.31
(ug/2ml) C 0.37~1.08 0.35~0.52 0.22~0.29
2. 8%NaF T 0.85 0.42 0.29
Mean
C 0.6 8 0.40 0.28
Increase % 125.7 104.2 104.0
Range T 1.14~3.54 0.34~1.44 0.23~0.36
(ug/ 2n1) C| 0.48~0.66 0.25~0.35 0.19~0.25
Po, - NaF T 1.73 0.58 0.29
Mean
C 0.55 0.28 0.21
Increase % 312.5 204.6 136.7
Range T 1.29~9.90 0.40~3.30 0.256~1.26
(ug/2ml) C 0.34~2.76 0.19~0.81 0.17~0.47
Tontophoresis T 21 1.25 0.70
Mean
C 96 0.44 0.29
Increase % 545.4 287.1 239.4

T:Treatment Group

C:Control Group
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Table 5.Calculated Depth of Dissolved Enamel Layer

Layer
1 s t 2 st 3 st
Treatment
T 838 94 97
Mean
(n)
8%SnF, C 95 94 95
Increase % 93 100 102
T 97 97 95
Mean
! (u)
2. 8%NaF C 109 102 120
Increase % 8 8 95 79
T 65 80 88
Mean
(u)
Po, - NaF C 103 118 118
Increase % 6 3 68 75
T 52 76 98
Mean
. (u)
Tontophoresis C 104 132 136
Increase % 50 58 72
T:Treatment Group Dissolved Enamel (u g) X1/2.95
C:Control Group Depth= 14mm?
Table 6.Dissolved Enamel
Layer
1 st 2 st 3 st
Treatment
T 3. 63 3. 88 4. 02
Mean
(n)
8%SnF, C 3. 91 3. 89 3. 92
Increase % 92. 8 99. 6 102. 5
T 3. 99 4. 02 3. 90
Mean
! (u)
2. 8%NaF C 4. 52 4. 23 4 94
Increase % 88. 4 95. 2 79. 0
T 2. 69 3. 31 3. 65
Mean
(u)
Po, - NaF C 4. 27 4. 91 4 8 8
Increase % 63. 0 68. 0 74. 8
T 2. 14 3. 15 4 04
Mean
. (u)
Tontophoresis C 4. 31 5. 45 5. 28
Increase % 50. 1 57. 9 71. 7

T:Treatment Group
C:Control Group
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Table 7.Contents of Fluoride, Calcium and Phosphorus at Different Periods after Iontophoresis

Difference (u g/2ml)=Different Periods Equivalent—Pretreatment Equivalent

s After Treatment Pre— Tmmediatly 2 6 9
1Day lweek 2weeks
Treatment after Months Months Months
Range (u g/2ml) [0.12~0.27]0. 37~0.62[0. 23~0. 41[0. 29~0. 39/0. 20~0. 38{0. 19~0. 36[0. 15~0. 28(0. 19~0. 33
Mean 0.19 0.46 0.37 0. 34 0. 29 0. 26 0. 23 0. 24
Fuluoride
Content Increase (%) 100. 0(|203. 3|178. 173. 5(159. 3|{157. 2(143. 1|125. 9
Difference 0. 0. 23 0. 16 0. 14 0. 08 0. 09 0. 06 0. 04
Range (u g/2ml) 352~568 | 332~496 | 300~544 | 350~536 | 390~528 | 240~560 | 396~504 | 352~552
Mean 463 428 431 440 443 439 456 476
Calcium
Content Increase (%) 100. 1] 95. 1 9 2. 6 9. 2 92. 5 99. 4 (102. 7|{101. 4
Difference 0 —23 — 38 —20 —4 4 —1 6 3
Range (1 g/2ml) |44.0~58.8[41. 0~58. 0|52. 3~58. 4|45. 2~58. 4|52. 0~58. 4(52. 0~58. 0|50. 0~54. 4|46. 0~53.6
Mean 53. 8 52. 7 55. 54. 1 55. 0 54. 4 52. 3 50. O
Phosphorus
Content Increase (%) 100. 0|{100. 3{100 105. 7{100. 4(102. 1| 95. 0 96. 1
Difference 0. 0. 2 -0 2. 9 0. 2 1 0 —2. 9 —2. 6
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Table 8.Dissolved Enamel at Different Periods after ITontophoresis

iods After Treatment Pro— Immediatly 9 6 9
Treatment after IDay lweek 2ueeks Months Months Months
Range (1 g/2ml) 0.95~1.54(0.90~1.34|0.81~1.47[0.94~1.45|1.05~1.43|0.65~1.51 |1.07~1.36 | 0.95~1.49
Mean 1. 25 1. 16 1. 16 1. 19 1. 20 1. 19 1. 23 1. 29
Increase (%) 100. 0| 94. 6 92. 1 96. 3 91. 2 99. 4 |[102. 7/101. O
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Summary
1) In-vitro experiments
In order to compare the effectiveness of fluoride iontophoresis with that of several topical
fluoride application procedures (2.8% sodium fluoride, NaF. 8 % stannous fluoride, SnF,. Acid
phosphate fluoride, NaF-P0,), the amounts phosphate, calcium, and fluoride removed from
enamel by acid attack were determined in vitro and in vivo. The window method was applied
on the enamel surfaces of ~extracted teeth as follows (Fig.1l). Two parallel windows were
made on the labial surfaces of freshly extracted noncarious upper incisors. The first area (14
mm2) was used for treatment, and the second area served as control (preexperimental) Ievel.
Fluoride was determined by means of the fluoride electrode, calcium by means of atomic-—
absorption spectrophotometry, and phosphate by means of colorimetry using the safranine moly-—
bdo—phosphate method. The enamel dissolved and its estimated depth were caluculated from the
quantity of calcium removed.
The following results were obtained.
(1) The larger the electric current, the more remarkable the increase of fluoride uptake
found in surface enamel, and the deeper fluoride penetration (Tab.1l, Fig.5).
(2) The electric current for iontophoresis in vitro was fixed as 750 pA-minute (150 pA-5
minuts), because this current creates clinical conditions without complain of pain (see sectio
n on in-vivo experiments).
(3) As for the amount of phosphate removed by acid attack, no significant difference was
found between treatment and control area in three kinds of topical application. Furthermore
the amount decreased significantly after fluoride iontophoresis (Tab.2, Fig.6).
(4) The quantity of calcium removed by acid was less in iontophoresis treatment than in
other topical application (Tab. 3, Fig.7).
(5) The greatest retention of fluoride and the deepest fluoride penetration occurred in sur-—
face enamel after iontophoresis (Tab.4, Fig.8).
(6) Enamel dissolved by acid, calculated on the basis of removed calcium, was lowest after
iontophoresis (Tab.6, Figs.10 and 11).
2) In-vivo experiments
To pursue the clinical effectiveness of fluoride iontophoresis, enamel biopsy was performed
for the determination of phosphate, calcium, and fluoride removed by acid etching. The biopsy
was carried out according to the following technique (Fig.2). On the middle area of the buccal
surface of first premolar a small filter paper disc (diameter 6 mm) containing 2M perchloric a
cid was fixed for 3 minutes. The disc was removed and shaken in distilled water. Amounts of
phosphate, calcium, and fluoride were then determined. Acid etchings were made at different
periods from immediately after to 9 months after iontophoresis. Optimum current for effective
iontophoresis on surface enamel was 750 PA:minute in children.
The following results were obtained.
(1) The amount of phosphate removed decreased immediately after iontophoresis and increased
after one day. But it decreased agauf after 6 months. (Tab.7, Fig.12)
(2) From immediately after to 6 months after iontophoresis, the amount of calcium removed
was always less than the preexperimental level ; but 9 months after the treatment, no signific
ant difference was found (Tab.7, Fig.13).
(3) The greatest fluoride retention in surface enamel occurred immediately after iontopho-—
resis but the retention ability decreased graduauy during 9 months (Tab.7, Fig.14).
(4) From immediately after to 6 months after iontophoresis, the amount of dissolved enamel
was less in the treatment groups than in the control groups’ but after 9 months, there were no
differences between them (Tab.8, Fig.15).



(5) To avoid differences of individual teeth, enamel biopsy was conducted on the same tooth

of the same subject with a time interval of a few months.
ted area was confirmed for as long as 6 months after iontophoresis (Figs.16 and 17).
the caries—preventive effect of fluoride iontophoresis was confi

Superior acid resistance of the trea

As a result of these studies,

rmed in vitro and in vivo, and its clinical effectiveness was estimated to last as long as 6 m

onths.



