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Physical and chemical properties of double-layers adhesive polymer film
supplemented with 5% NaF
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Objective : To improve the remineralization effect of fluoride adhesion film, we developed a double-layers adhesive film, and then evaluate its
physical properties and fluoride-releasing ability.

Methods : The tensile strength, elongation, dissolution rate and fluoride-releasing capacity characteristics of the adhesive films were analyzed.

Results : There was no variation in thickness among the adhesive films. The tensile strength was highest in the polyvinyl alcohol (PVA) adhesive
film and lowest in the pullulan adhesive film. The elongation rate was highest in pullulan film, followed by PVA-pullulan film and PVA film. Com-
pared with the PVA adhesive film, the double-layer adhesive film exhibited higher fluoride ion emission for up to 60 minutes. Adhesive films had
greater fluoride ion emission than fluoride vamish after 6 hours of application.

Conclusion : The tensile strength and elongation characteristics of double-layer adhesive films were superior to those of single-layer adhesive
films. PVA-pullulan double-layer adhesive film had very high initial fluoride ion emission compared with PVA adhesive film and fluoride varnish.
This increased fluoride ion emission may compensate for the disadvantages of fluoride varnish and PVA adhesive film. The above results indicate
that the PVA-pullulan double-layer adhesive film has improved physical properties and fluoride-releasing capacity compared with conventional PVA
adhesive film.
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A Bk 2 E30A 7189 BSER v et H]
Sty H1E T oP?. 229 Kim $92 5% 23}
UEEO] 3 184 JAEEY EAAA 2 Zot |
oMol AFst Avh= 5% EShtERC] g9-H vt
U8} vlsoit Aol 9] FEHo] £ A4y vhy
4] AA silver diamine fluoride HtH= Wrkal 51
ot H2EEY EAAA 7} et oo HA HA W
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AR A2 ThE B8] B4E 2 1EAE 5

D) SAAIE e FFEEY Az

(1) Polyvinyl alcohol (PVA) H&ZHE A%

1,000 mg/l 5=% 9= methylene blue (MB, Muto
Pure Chemicals Co., Tokyo, Japan) @4 -8o]] PVA
HEHH(F-17a, Sigma-Aldrich Inc., St. Louis, MO, USA)
< 10wth=E 713t & F571E o-&-5te] 85T 1A 300
rpm Q& oF 2417 57t Wbkl ThA] 7AW o] 4277t
A Hgsiict. 20 PVA 894 #Ho| I1E [t
(400 mm x 400 mm x 5 mm)°]] X3 F o}Z2]A|
o[HE ol&sto] 40 um A2 TE= Pk o
= 40T oA 24A17t B3t ARAIA 52 SIS

(2) Pullulan F&EE Az
1,000mg/19] s == A %3} reactive red (RR, Sigma-
Aldrich Inc., St. Louis, MO, USA) G4 8-99]| pullulan
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TH(Sigma-Aldrich Inc., St. Louis, MO, USA) 10wt%
S A7RE 3 $971E ol-&sto] A=ollA 300rpm o=
oF 2417t 9t WHISHAL. of7]0] 7}2A191 polyethyl-
ene glycol (Sigma-Aldrich Inc., St. Louis, MO, USA)
2wi%E 7okl A 2A17E 57t WESIGIH. 0% BE
A2 PVA 25 A2} -5 A5HA Al¥staitt.

o
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Az

321
=5 ol 471 9
< QT =xet
ﬂaaﬂlolﬂé Ol—%—o}oﬂ 40 nm FAR Yol A 7]
780 nm7t S| 3t9ltt. o] 40C9] Egfo] Q-2ofA
24AREERE AZ o] BFO| g LS| AASIC.

2] H A(Mitutoyo, Japan)S AR&at0] W20 A}-Z.5]
THELO] 33tollA] FHelA AlEE 242 53] S99t & Bt

e Tt

(D) = &4
}é%l a-’]% £ 20~25C, dHEEE 50 £ 5%= A
HAFEE AW HH] 20 mm, Z°] 200
mm, lﬂ ﬂﬂ% 10 mm= Aesto] FA35}6151 0,
200N load cello]
(EZ Test™, Shimadzu Co., Japan)= ©]-&3}o] 100 +

20 mm/min® &5 F-&5191 AT 2+ N/

215 universal testing machine

g ok Al A8 T A 2(gauze

length, Lo)E Aol EAISIIH T 7= Al9o]
B & Ao F Y Al 222 HA 20 =
ALY S50t thaat 22 Alof 9jsff AFE=
75tk

*AAE%) = Ly - Lo / Lo x 100

3) JALE9 &&= Bt

(1) Al Az

PVA (MB g2} pullulan RR $H7) HRFEES 5 x
5 cmE A= Z 100 ml9) 2557} S0l Ar=st
A 30 BRIkl 100 rpml& A|&& o7 wHisHY 5
= 1 —Er itk 25 mi¥ Z5sto] MBeF RRO &=
ST 25 mke EW Aol At

ol £3 A9S AFIAD LA o BE 574D

(2) MB} RRE] 8% &%

UV-vis spectroscopy(Varlan Cary 300™, LabX Co.,
Midland, Canada)g °l-8st] & E(absorbance)—
SO0 EN A7t Aol ThE MBI RRY] E&F2 5

“golSitt. MB2F RRO| -&&%2 &0l PVA2} pullulan

AEAL AR Bl et 8 Ao A 9] B3l S5 7H
o7 vy, BASICE 9] =4 H2l= 200 ~ 900
nmO = AHsIAt. Fde= =2 » MB =2y
(RR)Y] F =02 o]Fofzl & tisf ol 2
2 Lambert-Beer's lawg 2-83F H74 A& AMgsto] &

Asteck

A)=AM)+AR)=ed) xbxc +ed) Xbx g
An)=AM)+AM) =€) xbx ¢ +ed) xbx g

* AX*’Y(/1 1) / Ax+y(/12) : TJ-]-%]’ /11 / /1201]}"]9’] X,y é@%
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D A EAIZ D EAAA =X

fxto s d3] o= T 5% ESPEF B4
v 4)(Vericom®, Aanyang-Si, Kyunggi-Do, Korea)
£ ARSI o o9} B ekalA} Sk EANAEES
AAANA A A x5t 2 AlA| = 20704 ARS:
stom Zh Al AY 24417 Aof| 420 Hgt F
T3 210 785l ARSI

EAHAEE2 80 um FA12] PVA H2HE &Y
40 pm A et PVA-pullulan®] ©1F 24
ARSI BAS T3 IR AR A
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of7]9 7FA|(polyethylene glycol, Sigma-Aldrich
Inc., St. Louis, MO, USA)?} 5% NaF (Sigma-Aldrich
Inc., St. Louis, MO, USAYE 7}kl thA] 2417 B2t
Ao1A] G3AIZI. 0] F-9] HAFLFo| A 9 A EIH
< FlollA 713t vie Aok

E4HYSE 5 x 5 mmE ATt 40| ZJof 3O
nfo]Ag2 HEHE o]gsto] oA RS S 2t
52 WA mlo]H 2 HeE4o] F/RSE £S5 Aot #H
< Fo 588 AHR TE & F2 52 XA
cotton roll& ©-&st] 7HEA FEF H2AZH &
BP9t EAHREES BT AJEE 20 ml9 <

FEFNERZ + 1.5 mM CalNoy), » 4H,0 + 0.9 mM
NaH,PO, * H,O + 150 mM KCI + 0.1 mM Tris buffer
+0.03 ppm F, pH 7.0, 37C)°ll A-AIZ] & 37C
710 B35}t

AZEHO] FelE E40]29 Hke 10, 20, 30
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EA0l24= (Orion™ 9609, Thermo Scientific
Co., Swedesboro, NJ, US.A)2 B4& 3l 10 ppm,
1 ppm, 0.1 ppm, 0.01 ppm<] EAFEFE-ENS ALEF]
o}, FH)H E4ARFEH 5 mleF TISAB I (total Ionic
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7t 9E29| =AE 73 A3} PVA FFEEL2 0079
mm, pullulan FFEEL 0076 mm, 123l PVA-
pullulan °]F F2EE2 0.078 mm= A|H 57412 #H
A7F FATHP = 0.730). H2HEES Qg E+=PVA
g E0] 71.67 N/mm?*& 7P A2 pullulan H2H
£°1 2092 N/mm’& 71 R9kth(P =0.002). F2LE
o] A2 PVA A2 E0] 40.25 %, pullulan 214
£0] 46.31%, PVA-pullual °]% H&EE0] 43.98%%
ch (Table 1).

2, ISR} HAILEO| SohaE Wt

MBS} RRO] 8&7& 2735}0] PVASF pullulan®] 5
T8 g2 2o Yt %

20z v, B4 So] HABEL FR AT

Tetor 304 o] E = PVA A E] - RR
7t & ol &&=tk RRE= 10 ~ 302914 7 5%
7F =7 Uehst o™ MB= 60 ~ 3002014 =34t MB
2} RR F AR 3kgt Bz 30 ~ 60=0lA 7Y FA|

Table 1. Physical properties of polymer adhesive fims
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©3 A3HE 608 AT A7RE Barhise) 24
© 2o 7174 Higkon] PVA HEWEL 714 19l
P

4 §E7o] WA UERoH 2417F o] 9= PVA 2R
3} PVA-pullulan °]5 F2HEE9] 5402 E=TF2
207} IATHP) 0.05). PVA H2E =3} PVA-pullulan
AL E2 T oA o] R B = BAH 4 H B4
o] g&go] Wkt 0.05, Fig. 2).

v. 1%

AE7L 2eERLOE o AHRHT e A
AdhUAE 1 54T o] YEEIgon ERA
#Jofe] QA4 2z} B ok, BHAY E0 2 qlalo]

A Bt o8} 497 A4 el b s 774 vjellA] 48
T BABES ORE 47]8) 3] ofLP.
2ol o]7 ZARSE s e A

PVA AF Pullulan AF PVA-Pullulan AF P - value
Tensile strength
§ 71.67+6.12 20.92+2.45 5270+ 4.77 0.002
(N/mm?)
Elongation (%) 40.25 46.31 43.98 0.021
Thickness (mm) 0.079+0.013 0.076 £ 0.021 0.078+0.018 0.730

PVA : Polyvinyl alcohol, AF : Adhesive film
P- value from One-way ANOVA
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Concentration (mg/L)

Releasing characteristics of water-soluble polymer

——Pullulan (Reactive red)

—=—PVA (Methylene blue)

10 20 30 60 120 180 240 300 360 420 480
Time (minute)

Figure. 1. Dissolution of methylene blue and reactive red in polymer adhesive film according to time elapsed.

Concentration / ppm

Fluoride ion concentration released from fluoride agents

—&— F-varnish

—&—  F-adhesive film (PVA+pullulan) |
\T —k—  F-adhesive film (PVA)

N
/.

\
v

=
.

/
1

10 20 30 60 120 180 240 300 360 420 480
Time (minute)

Figure. 2. Dissolution of fluoride ion in polymer adhesive film according to time elapsed.

* : Statistically difference (P<0.05) among 3 groups.

+ - Statistically difference (P<0.05) between F-varnish group and F-adhesive film groups.
P - value from Kruskal-\Wallis test and Mann-\Whitney test by Bonferroni's method.
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UL W 2 APGE2 PVA 2 E0] 73 Woko kP
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O 2N FOJ5HA S7HE| QI o]e} o] Ao A o] 3
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HREEE T A= T 2 & S Qi of| &t
Az Ao tigh 22k AIEE A AlggsHAl= 949
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SFHYEOZ  Pullulan BEL QNI Eo] ol EAYHE T 3
o] QIECH B40] 28 5] 5HHOH PVA A M Hlcke SA)Eo] gl ol 25 9
Nud|

H2EE-2 o] 9off YA =A] 7] wi2o] FEsHAl o 8401 Fs, T, Frle] AAIRE 1 EAR E
EA40]2& ukEsh 7l o & AZtE ) PVA H2HEL 2 hydroxypropyl methyleellulose 52 Z51A4 glyc- 3'2
S

7] E40] 2 BIETgo] Ari= Mol EAHOE A XHL}.  erol 5 7HAAIE A7FoHE 491443 o] Ststo]
PVA-pullulan 0% H2HHEL 4 270 PVA HZ 7 WollA dast 4345 e 4AE 5= A
LEo] H]a] B40] HETFo] Ul 3 0] % 48087t ESH pullulan] FHHIS ZETAY OE 1B} &
A= EaHUgo] Hlsf &40 WETo] Bo E4nt o 1181l ¢3S AE 52 FUIle] 89 5 24
HHS’% PVA @&%594 s o T 9loH ol AFofxet 2ol PVAE H7kek 9
W AAEE Z7HAZ S QoHs ) ) 1B bES
i Bl A YoM EaAAU A EA 5 oFE AEAA = A
LAy EO} ]Q‘:}J—i 3}93«2‘31 gk 519, Zero 5P A 8517] Yol W] BejE B4 84 &=, X|opt A
B EAAAE ZESIUE 1 E4020] JR7E oAzt = iz {52 FASteke ofg] A7t o] FofA|
S -FAH L 59t 0] B9 5% NaF-PVA 2t 1 Qo). i} o] 5 tiR-E9] A7t TS 2k
%, 1.23% acidulated phosphate fluoride gel, 5% & 5ol T3t Aol o]H AAH olF F2HLFof 3t
SHEF EAHISIE BXokT 14 Bt AFst A= A |l
04 4012 T 5 S A7 37 EAAA B2 o Atof|A] ZiEstazA} fF PVA-pullulan ©1F F&F
2719 14 ~16 ppm?] &2 55 Holth7l 1.23%  BRF2| & 549 E&3tthd a4 Aol Age
ac1dulated phosphate fluoride gel¥} 5% NaF E4H 2 & o] Q&= 374 Y AT EL AA = E2 ol =3
U419 735 3A17E Fol= 2~3 ppm, LRI GAIZE OIS & AAIE o5 2= BESFOZHA T1Et FAFHCRE
o= EAAA EEH EACIR FEOE FAHITAL  AA o] oW wE Ao ofgt ofa A, FAAY, 2}
SEoIE. o Adof A= NaF-PVA 2| Q1] B-34]  Mof| o5t E3id 5= 7IAE 5 O]‘:} FHEESE
2t Zo= 4~5 ppm= E2H 6AIE —?Oﬂb 1 ppm, -85 HSol & &ofi=lo] =) HESH ot vl 3

O

)

181 8AIZE Zo= BAAIA TR A $F208 AE o] 22 pullulan TEARE AEAGAS H7I6)
Atk PVA-pullulan oJ5 2SS 7] E40l2sE o AACE 555 £H5L, Bei&Ert LY &

7} 14 ppm HFE PVA FHRZO] Hsh 9 3 B 28 o] B2 959 PVA 1EAS0] B4, 3
ufUI419} H1sgt S50]ed 8417k FOIE 4 ppm AFR A, WA 5L A7kste] A5o] 443§
BASHA) 1 ppmtith 50t A BRRET st AR5y Bl Al S8 24 20k
U410] B0l 2 $ES 571 202 Uelkth e
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