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'I･ihe

 objecLives  of  this study,  were  to evaluate  the ftuoride release  from rLuoridate adhesive  resin

cement,  fluoride uptake  into surroundi)g  tooth  str'uc:tures  and  the  effect  of  their  acid  resistanc:e.

Several specimcns  were  prepared  using  a  plasl,ic ring  mould,  from  extracted  human  premolars,
nnd  prcpared  from  cnamel  and  dentin of  the central  area  of  the  buceal surface  of  bovine Leeth.
rlihe

 fluoride release  rate  of  fllloridate adhesive  resin  cerrient  CPN 200) per day  was  higher  than

other  materiais  duri]g the  7-day study  period. FIuoride  re]ea.scd  and  flueride uptake  by  tooth

structures  was  higher in the fluoridate adhesive  resin  r.cinent.  WDX  ana]ysis  showed  the fluo-

ride  concentration  on  dentln contaet  area  was  higher than  that or  enamel  after  60 days  of  irn-

inorsion  in deionized water.  
rlihe

 calciiirn  releasc  values  ware  siTn"ar  for enamcl  and  dent･in

pla`Les in the various  test  matcr'ials.  The  present  findings iTidicated the important  enhancernent

of  tooLh structur'c  acid  reslsLance  by  fluoridatc rnaterial.
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                              INTRODUCTION

FIuoride-releasing restorative  materiais  Tnay  prevent  the  development  of  secondary

carious  lesions at  the Testoration-tooth  interface and  may  heLp to prevent the initia-

tion of  the carious  process  :,n adjacent  tooth tissueii. Fluoride  released  from  restora-

tions  is a  clinieaily  safe  method  for prevention  of  caries  because  the  presence  of

fluoride inereases the acid  resistance  of  the adjacent  tooth and  oxerts  a  cariostatic

effecti  
4).

 Although  used  as  restorative  materials,  cavity  liners and  luting cements,

early  glass ionomer  materials  showed  unfavorable  physjcal properties such  as  poor

wear  resistance,  brittleness, and  sensitivity  to moisture  contamination5L  [I]o over-

eome  these  disadvantages,  resin-modified  giass  ionomer  cement  was  deve!oped5]. De-

spite  the  presence  of  the  resin  component,  studies  have demonstra'ted varEous  levels

ef  fluoride release  and  earies  inhibition using  these irnproved materials6).  Recently,

resin  composites  were  selected  as  restorative  materia]s  and  the release  of  f'luoride

±
'rom

 these materials  was  evaluated7'S).  At firsL, fluoride was  incerporaLed into the

resin  by sirnply  mixing  the fluoride compound  in the resin  composite.  The fluoride

compounds  readily  decomposed  by dissoiution into an  aqueous  phase  Csaliva) result-

ing in a significant  decrease in their physical  properties "rith  time9).
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   Thus, manufacturers  have tried to develop a  true fluoride-releasing composite

whieh  does not  show  any  degradation over  a  long period  of  time. As  a  result,  vari-

ous  fluoride releasing  systems  have been developediO], Some  products  adopted  a

resin-bound  fluoride compound  as  resin  matrix]O).  Other products  used  dispersed

sparingly  soluble  f}uoride salts  as  a  thoir inorganic fillers. These  fluoride containing

composites  were  developed to relcase  fluoride slowly  over  an  extended  period of  time.

Howover, unlike  glass ionomer cement,  the cariostatic  effectiveness  of  f-luoride eon-

taining composite  resin  has not  been studied  intensively. The fluoridate adhesive

resin  cement  is an  adhesive  rnaterials  for metal,  composite  resin,  inlays, crowns  and

bridges. An  advantage  of  these adhesivc  materials  is the fluoride reiease.  The

fluoridated resin  cement  contains  some  fluoride sodium  (NaF) fillers in the base

resin  of  the cement.  Fluoride ion release  with  the fluoridate sodium  filler is possibly
easier  than fluoridated polymer  conLaining  resin-modifiecl  sea]ant  or  compomer,  be-

cause  sodium  dissolves too easy  wh' en  it comes  into contact  with  waterS).

   The  purposo  of  this study,  was  to evaluate  the fluoride release  from  fluoridate

adhesive  resin  cement,  fluoride uptake  into surrounding  tooth stTuctures  and  the ef-

fect of  their  acid  resistance.

                       MATERIALS  AND  METHODS

The  rnaterials  used  in this  study  were  a  non-fluoridate  composite  bonding system

(CI'B) as  a  control  and  test materials:  light-cure glass  ionomer  cement  for liner

(FLC), fluoridate adhesive  resin  cement  (PN 200) and  resin  fissure sealant  (T-F)
(Table 1),

   The following investigations were  conducted:

( I ) Fluoride  Release

Samples were  prepared  using  a  plastic  ring  mould  (with an  internal dimension of  9

mm  diameter and  1 mm  heighO, The mould  with  sample  material  was  held between
two  glass slides  and  covered  with  a  transparent  polyester  strip.  Materials  wcre  ma-

nipulated  according  to the manufaturer  instruetions. A  si]k  thread  was  plaeed so

       Tablgl  Materials  used  in tb.is study  . . . .

                           
rl`ype

 of
          Material  Code  .                          , Application  Batch  No.  Manufaeturer
                           cumng

Cleart'il l'hoto CPB  L
bondFuji

 Lining  LC  FLC  L

FIuorocemcnt  PN200  L/C'

Teethrnate  b] T-F. Ii

'Lf'C  :''light  and'chemical'oure.

Restoration

Liner

Luting

Fissur.eSealent

IU22  Kuraray,  Osaka
        Japan

P: 261241 GC,  Tokyo
L: 19124 Japan

PN133e  Kuraray,  Osaka
        Japan
Il122 Kuraray,  Osaka

 . 
Jepan

 .
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that  after  the material  set  it could  bc used  to suspend  thc  sample  in the  so}ution.

Thc  beakeTs had  tightly  {'itting lids to  prevent  evaporation  ot-  the solution.  Samples

were  kept  in deionized water  (le m"  at  a  temperature  of  37℃ . Standard solutions

from  sodium  flueride solution  with  O.1, l, 10 and  100 ppm  were  prepared,  To  the

tLour solutions  TISAB  M  (.totai ionic serength  adjustor  and  buffer; Orion, Boston,

USA)  was  added  in order  to  obtain  a  constanL  background  ionic strength.  [I]he stan-

dard solutions  were  used  Lo plot the calibration  graph.  The  fluoride re}ease  was  de-

tected using  a  fluori,de ion selective  eleetrode  (9609BN, Orion Modet  290A, USA)

connected  to a  microprocessor  ion analyzer  (Orion model  290A, USA),  The  test

specimen  was  placed on  a  nonheating  rnagnetic  stirrer  (ATI model  AS  1, Kanazawa,

Japan), to obf.ain  an  even  distribution of  the f]uorido ions. The temperature  of  the

solution  was  adjusted  to 23± 2℃ in order  to compensate  for any, fluctuation in tem-

perature. [I]he fluoride ion concentration(ppm)  of  the test solutions  were  recorded

after  1, 7, 30 and  60 days. Five speciinens  were  prepared  for each  test materjal,

Cll) Ftuoride  UPtake by tooth  structure

The  specimens  were  prepared  from  prernolars cxtracted  for orLhodontic  reasons

stored  at  4℃ :,n isotonic saline  no  longer than  1 weeks  prior to thcir use.  A  class  V

cavity  was  prepared  on  the eervical'  area  of  enamel  and  dentin with  a  high-speed

handpiece and  round  diamencl' burs, the cavity  depth' was  about  2 mm,  The cavity

wall  and  floers were  treated  with  t] e conditioner  oT" the test materials.  The eondi-

tioned cavity  was  restored  with  CPB,  FLC,  I'N 200, "I"-F
 and  11ight cured  for 20 sec-

onds  using  a  visible  11,ght unit  (LINHrl"EL-ll, Kuraray, Co. LTD,  0saka, Japan).

Samples were  kcpi in deioni･zed water  (20 ml)  ttt a  temperature  of  37℃  after  tlie

margins  wcr･ e finished with  a Cine diamond  b' ur.  The  specimens  were  cross-sectioned

longitudinal}y through  thc center  of  t･he cavities  "Jith  a  low speed  diamond  micro-

cutter  (Micro eutter  201, Maruto,  Tokyo,  JAPAN)  af'ter  immersion in deionized

water  for a  60-day period. Specimens were  viewed  with  a  olectron  probe  X-ray

microanalyzer,  WDX  ty, pe CWI)X, EPMA  8705, Shimadzu,  Kyoto,  Japan) for eleinen-

tal distribution of  fluoride (F), calciurn  <Ca) and  carbon  (C) on  the cement-enamcl

or  dentin interrace,

(M) lllf/fect of  Acid Resistance  ･

Specimens were  prepared  from enamel  and  dentin (with dimension  of  6 mm  width,  6

mm  length and  3 mm  thickness) obtai･ned  from  the eentral  arca  of  the buccal surface

of  bovine ineisors. An  al/uminum  foig (about O.O15 mm  thiek)  as  a  spacer  was  placed

on  th' e upper  surface  or  Lhe enamel  or  dentin plate of  bovine teeth, and  tesL materiat

specimens  iKTere  applied  on  the foil and  light-cured usl,ng  a  visible  iight unit

[(LiNHTEL-I,  Kuraray,  Co. LTD,  Osaka, JAPAN).  The foil was  reinoved  and  an

obtruding  specimen  plate was  fixedi to enamel  or  dentin plate  with  an  ortb.odontic

band. The  whole  6urface  except  the interface between the tooeh and  speeimen  were

covercd  by inlay wax.  The speeimens  were  placed  in deionized water  (2e rn])  at  a

temperature  o/･9 37X/; for 6e days, stgbstituting  new  dieionized water  at  48-hour
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interval, Subsequently, for demineralization, the specimens  were  immersed  in acetic

acid  sodium  buffer  (used acetic  acid:  2.4 ml,  sodium  acetate,  anhydrous:  3.3 g dis-

solved  in 200 ml  deionized water,  and  adjusted  to O.2 M,  4.5 pH)  substituted  with  new

buffer 1[iquid after  1, 3, 6 and  12 hours. In each  demineralization solution  the calcium

concentration  was  measured  with  an  atomic  absorption  spectrophotometer  (Absorp-
tion speetrophotometer  180-50, Hitachi Ltd., Tokyo, JAPAN).  Non  fluoridate mate-

rial  (CPB) eontacting  an  enamel  or  dentin plate and  immersed  in deionized water

were  used  as  control  groups.  For  eaeh  tested group  there were  five specimens  pre-

pared  and  each  specimen  was  examined  three times.

(]J) Observation qf acid  resistance  2one

The  material  used  was  similar  to that of  the fluoride mptake  test. The  specimens

were  prepared  similar  to those  for the fluoride uptake  test, Subsequently, each  speci-

men  was  immersed  in 20 ml  acetic  acid  sodium  buffer (acetic acidi  0.24 ml,  sodium

acetate,  anhydrous:  O.33 g dissolved in 20 ml  deionized water,  and  adjusted  to O,2 M,

4.5 pH)  for 12 hours for demineralization after  storage  at  a  ternperature of  37℃ for

60 days. The samples  were  cross-seetioned  longituclinally through  the center  of  the

cavi'ties,  and  were  cut  int･o several  thin slices  (60-80ptm) with  a  low speed  diamond

micro-cutter  (Micro cutter  201, Maruto, Tokyo, Japan) and  observations  of  cement-

enamel  and  dentin eervi ¢ ai  marginal  area  of  restorations  was  conducted  using  a  po-

larized light micrescope,

                                 RESUI.TS

(I) Fluoride Release
The  fluoride release  (rg/cm2) of  the tested materials  was  shown  in Fig. 1. The fluo-

ride  release  rate  of  PN  200 per day was  higher than  sealant  or  glass ionomer cement

during the 7-day study  period. Test materials  showed  stability  and  a  slow  rate  of

fluoride release  after  the 7-day study  period.
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(]) Nuoride  Ciptahe by Tboth  Structure

Figs. 2 and  3 show  representative  enamel  and  dentin samples  of  the WDX  type  X-ray

microanalysis  result  of  the surface  (enamel and  dentin) contact  with  fluoridate adhe-

sive  resin  cement  after  1, 7 and  60-day periods (other samp]e  pictures of  tested ma-

terials are  omitted,  because observations  were  similar),  WDX  analysis  showed  the

fluoride concentration  on  the dentin contaet  area  was  higher than  that of  enamel

after  60 days of  immersion, which  was  higher than  after  1, or  7 days, Furthermore,

fluoridated adhesive  resin  cement  released  fluoride ions, which  moved  to the enamel

or  dentin. Consequently, the fluoride concentration  was  low on  the fluoridated resin

adhesive  eement  layer of  cement-enamel  and  dentin contact  area  (samples of  7 and

60-day periods).  For  the short  period  sample,  which  was  1 day, no  fluoride ions

moved  into tooth  structures,

(M) difect of Acid Resistance
The  findings obtained  from  this study  are  presented  as  the mean  of  5 specimens  for

each  group  (Figs.4 and  5, error  bars show  standard  deviations), The  mean  values

presented  are  in micrograms  of  calcium  re]eased  by etchant  solution  following its ap-

plication to enamel  and  dentin previously  subjected  to any  of  the investigated condi-

tions, The amount  of  calcium  released  served  as  the criterion  for evaluating  the

effectiveness  of  the different materials  used  in treatment  of  enamel  or  dentin, PN

200 and  IPLC released  similar  amount  values  of  caleium,  Calcium released  was  high-

est  in the samples  treated with  the conventional  composite  resin  bonding system

(CPB). The  finding of' the amounts  of  calcium  re]eased  were  similar  for enamel  and

dentin plates in the various  test materials.

(rv) Observation of acid  resistance  2one

Figs, 6 and  7 show  polarized light micrographs  of  enamel  and  dentin treated  with  PN

200 (other samples  micrographs  are  omitted  because observations  were  similar),

   35 tCPB
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 EIO  e1                                                                    -f  CPB
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 Fig,4  Amount  ef  calcium  released  from  an  Fig.5 Amount  of  calciurn  release  from  a

       enamel  plate rneasured  with  an  dentin plate  measured  with  an  atomie

       atomic  absorption  spe ¢ trophotometer.  absorption  spectrophotometer.
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   Fl,anoridated adhesive  resin  cement  (?N 200) ConventfioeeflG composfite  resin  bonding  systegtrg

                                                       {CPB)

Fig. 6 Demineralizpd enamel  wall  ohserved  by polarized  tighL microscopy.

      Cervically resLored  Leeth AfLer  iinmersion in dlstilled water  for 60 days, were  treated

      with  aeetie  acid-sodiurn  acc'tatc  buffer for 12 heurs.

     Fiuurtidintedi adhesRtye  resgm  eeuaerma  (ewN 200) Cormvemtfional coggfiposite  resEth  bomudipmg s)stem

                                                         (CPB)

  Fig. 7 l)eminerahzpd  dentin wall  ebserved  by polarized  1i/ght microscopy.

        Cerweal]y restored  teeLh after  immersion  in distilled water  for 60 days, were  treatcd

        with  acetic  aeid-sodiuin  acetate  buffer for 12 hours.

Enamel  and  dcntin samples  show  findings of  the outer  lesion (tooth structure  outer

margins  of  resteration)  and  wall  lesioti were  compared  with  centrol  samples  (tooth
strt:cture  samples  ot'  CPB).  Observation  showed  that  Lhe acid  resistance  zone  of  the

PN  20e was  wider  than  control  samples  in both  enamel  and  dentjn.

                                  DISCUSSION

The  findmgs ot' this study  suggest  several  signifieant  factors. Narnely, fluoride re-

lease and  fluoride uptake  by  tooth structures  was  highor in the fluoridate adhesive

resin  cement  than  fluoride-releasing glass ionomer  cement  or' fissure sealant.  The

/"inclings  showed  the important  enhancement  of  the tooth  struetures  acid  resistance  by
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the fluoridate material.

   The findings of  the present  stud},  clearly  showed  that fluoridatc adhesivc  resin

cement  released  fluoride to it;s surroundings  in vitro  as  detccted by the fluoride ion

selective  clectrode.  The amount  of  fluoride released  was  highest in first 24 hours

rather  than  any  other  period and  suggested  features which  were  fluoride releasing

over  the long-term, showed  similar  releasing  patterns  of  fluoride as  glass ionomer  ce-

ment.  This could  be due to the presence  of  some  fillers of  the sodium  fluoride in the

composition  of  the fluoridate adhesive  resin  cement,  Usually, fluoride releasing  ma-

terials contain  fluoride silica, fluoride aluminum,  f!uoride calcium  and  fluoride
sodium  fillers (e.g. glass ionomer  cernent)  or  fluoride releasing  poiymer  (e.g. seal-

ant)").  Fluoride release  is easier  and  higher from  materials  which  contained  sodium

fluoride fJillers than  polymer  matcrials  or  g]ass ionomer cementB).  The characteristics

of  sodium  fluoride filler are  unknovgTn  and  are  business secret  of  the manufacture,rs,

but the fil]er of  sodium  fluoride was  a  pre-treated ino'rganic eompound  which  breaks
into pieces and  is characteristic  of  sodium  which  easily  soluble  in water,  Therefore,
fluoridate adhesive  resin  cement  easily  releases  fluoride ions.

   Many  studies  havo  shown  the ability  of  glass ionomer cement  restorations  to in-

crease  
'fluoride

 centent  in adjacent  enamelit-i2),  In the present study  arcas  of  enamel

and  dentin adjacent  to fluoridate adhesive  resin  cement  restoration  exhibited  fluoride
uptake  by. tooth  structures.  The  charactoristic  of  fluoride uptake  was  higher by

dentin than  enamel  over  the 60-day period and  was  greater than  the 1 and  7-day pc-

riods,

   Fluoride  uptake  by dentin was  easier  due to the following properties of  dentin

over  enamel:  a)  Presence of  dentinal tubules, b) Presenee  of  collagen  fibers, c)

DenLin  apatite  crystals  are  smaller  in size  (1/10 of  that  of  the  enamel  crystal)  and

lower  in denstty, d) Dentin eontains  more  water  than  enamel  which  is an  important

property for fluoride uptake.  Fluoridate materials  are  needed  for some  water  prim-

ers.  To  reloase  fluoride the water  becomes  a  mediurn  for the  fluoride ion. Enamel
structures  prefer a  dry tissue when  compared  with  moist  dentin tissue. If margins

of  restorations  have microscopic  gaps  between the cavity  wall  and  the composite

resin,  f-luoride release  and  uptake  by tooth  tissues  may  be easier,  and  more  able  to

prevent  secondary  caries  on  around  the  restoration  area.

   An  acidic  buffered solution  (acetic acid  sodium  buffer, O,2 M,  pH  4.5) was  used

in the present  study,  to help clarify  the  influence of  tooth structure  acid  resistance

with  fluoridate adhesive  resin  cement,  which  does not  stimulate  the oral  environment

where  the pH  tends to fluctuate. The  results  of  this test showed  the influence of  acid

resistanee  of  the enamel  and  dentin samples  adjacent  to the fluoridate material  im-

mersed  in watcr,  Plots of  the amount  of  calcium  released  after  acid  operated  on  the

enamel  and  dentin samples  adjacent  to the fluoridate material,  showed  a  ]ower

amount  of  calcium  released  compared  with  control  samp]es  (Figs,4 and  5). There-
fore, the anti-caries  effieacy  would  last longer for the  enamel  or  dentin when  using

the fluoridate material  for eavity  restoration  and  it possibly  has a  greater influence
on  enamel  than  dentin as  indicated by tho anti-caries  effeet.
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   However, f]uoridate rnaterials  periiiitted rapid  and  consistent  formation of  outer

lesions and  inhibition zones  as  shown  in Figs.6 and  7. Considerable research  has

been carried  outl investigating deminera]ization, remincralization  and  fluoride uptake

by enameJ  anci  dentlm'S-i6".

   There is a  high possibility for the presence  of  caries  around  margins  ot' restora-

tions, application  of  i･"luoridaLed  adhesive  resin  cernent  will  lower  this posslbility and

provent  secondary  or  initial carios  around  the margins  of  the restoratLons  in both

enamel  and  dentin. Further, the  studies  need  to  be veTified  using  in vivo  examina-

tlon.
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