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An  experimental  primer  was  developed  as  a  single'step  bonding  system  for resin-modified  glass
ionomer  cements  (GIC). Efficacy of  this primer  on  adhesion  of  resin-modified  GICs  and  resin

composite  to enamel  and  dentin  was  evaluated  by shear  bond  test and  SEM  observation,  Good
bond  strengths  te enamel  were  obtained  (> 11 MPa),  whereas  significantly  low bond  strengths

to dentin were  obtained  using  a  single  coat  of  the primer,  However, double-coating improved
the bond  strengths  to  dentin  (> 8 MPa).  SEM  observations  indicated that the primer  func-
tioned  as  a mild  conditioner  to remove  the smear  layer on  enamel  or  dentin surfaces.  A  hy-

brid layer was  observed  at  the cross-sectional  view  of  the GIC!dentin interfaee. These findings
sttggested  that good  adhesion  to enamel  and  dentin could  be achieved  using  a  singlemstep  bond-
lng  system.

Key  words  : Primer,  Glass ionomer  cement,  Shear bond  strength

                              INTRODUCTION

GIass ionomer cements  (GIC> have been successfully  used  for esthetic  restorations  of

cervical  lesionsi'2). They are  expected  to be eariostatic  through fluoride release3'4}.

Resin-modified GICs  were  introdueed in the late 1980s5'6), and  incorporated a  light-

curing  system  in addition  to the conventional  acid-base  reaction'),  Recently, hybrid

material,  such  as  
"compomer",

 has also  been developed with  physical and  meehanical

properties similar  to those of  resin  composites8),

   The  bond  strengths  of  resin-modified  GICs  to enamel  and  dentin were  improved

with  a  conditioner  or  a  primer9'iO), A  sirnple  bonding step  for adhesion  to tooth  sub-

strates  is one  of  the advantages  of resin-modified  GICs. However, low bond

strengths  of  resin-modified  GICs  compared  to those  of  resin  composites  remains  a

disadvantageii), Bonding systems  for resin  composites  are  commonly  composed  of

three-step  bonding protocols: conditioning,  priming,  and  application  of  a  bonding
agenti2'i3).  Recently, two-step  bonding systems  have been developed using  self-etching

primersi`-i6). Development of  a  further simplified  bonding procedure  would  be benefi-
cial  to praetitioners.

   A  new  experimental  primer,  which  functions as  a  single-step  bonding system,  was

developed for a  resin-modified  GIC. The  purpose  of the present study  was  to evalu-

ate  the efficacy  of  this bonding system  on  adhesion  of  the experimental  resin-
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modified  GICs to enamel  and  dentin. In addition,  bond strengths  of  a resin  compos-

it･e to tooth substrates  using  this  system  were  also  measured  to assess  the possibility
of  a  single-step  bonding system  for composite  rgstorations.

                        MATERIALS  AND  METHODS

1, Materials used  in this study

The code  and  the batch number  of  the materials  used  in this study  are  listed in Table
1, The experimental  primer, SR  primer  (Sankin Kogyo, Tokyo, Japan), was  devel-
oped  as  a single-step  bonding system,  and  included two  bottles (Universal and  Cata-
lyst). One  drop frorn each  bottle was  dispensed and  mixed  before use, SR primer
eontains  2-hydroxyethyl methacrylate  (HEMA), tetraLrnethaeryloxyethyl  pyro-
phosphate,  photoinitiators, ethanol  and  water,  The primer  indicated strong  acidity,

with  a  pH  value  of O.6, The two  types of  an  experimental  resin-modified  GIC  system,

Xeno/SR-5111  (Sankin Kogyo, Tokyo, Japan), namely  a  paste type (PA) and  a

powder/liquid type  (PL), were  used,  Both  materials  contain  almino--fluoro-silicate

glass, tetra-methacryloxy-ethyl  pyro-phosphate,  HEMA,  TEGDMA,  Bis-GMA,  and

photoinitiators, A  light-cured resin  composite  (RC), Clearfil AP-X  (Kuraray, Osaka,
Japan), was  also  used  to evaluate  the bond strengths  of the resin  cornposite  to enamel
and  dentin using  the experimental  bonding system,

2, Preparation of spectmens
The  single  plane shear  test assembly  designed by Watanabe  et  al.(1988)i7) was  used  in
this study  (Figs.1 and  2). Two  plates were  secured  with  rust-resistant  screws  to
eliminate  any  movement  during the bonding procedure  and  storage  time, Bovine
teeth were  trimmed  with  a  diamond  saw  and  ground  with  #600-grit silicon  carbide

paper (SiC) under  a  stream  of  water,  The area  for bonding was  then  demarcated

  Table 1 Materials used  in this study

CodePrimerSR Manufacturer Material Batch No.

Glass Ionomer  Cement

Sankin Kogyo  Co.
Tokyo,  Japan

PL

PA

p mt C t
RC

Sankin Kogyo  Co,
Tokyo,  Japan

Kuraray  Co,
Osaka, Japan

Xeno/SR-5111
(Experimental)
Universal, Catalyst

Xeno/SR'5111

 (Experimental)
PowderfLiquid  Type

CP/L Ratio=4,4)
Paste Type

Clearfil AP-X

U:950514, C:960514

P:960430, L:95010

960513

O048
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3. SEM  observation

To  observe  the enamel  or  dentin surfaces  conditioned  with  SR primer,  the oeclusal

enamel  or  dentin surfaces  of  human  molars  were  ground  with  #600-grit SiC under

running  water.  The enamel  or  dentin surfaces  were  conditioned  with  SR  primer  for

3es and  further rinsed  with  acetone  for 10s to remove  the applied  primer, The  speci-

mens  were  dried at  room  temperature  for 1 day, and  desiccated in a  high vacuum.

They  were  then  sputter-coated  with  gold, and  the morphological  changes  of  the

enamel  or  dentin surfaces  treated with  SR primer  were  examined  using  a  scanning

electron  microscope,  SEM  (JXA-840, JEOL,  Tokyo, Japan).

   In addition,  to observe  the resin-modified  GIC-tooth  interfaces, human  molars

were  bonded  as  in the preparation  of  the shear  bond  specimens,  They  were  soaked  in

formaldehyde  for 1 day, then  sectioned  vertically  at  the interface using  a  diamond

saw,  The specimens  were  polished down  to 1,um using  a  diamond  paste, After des-

iccation, the specimens  were  etched  with  argon  ion for 5 min  according  to Inokoshi's

technique  (1993)i8), After gold-sputter  coating,  the resin-modified  GIC,/iteeth inter-
faces were  examined  using  an  SEM,

                                 RESULTS

The  bond  strengths  to enamel  and  dentin are  summarized  in Table 2 and  Table 3.

Bond  strengths  to enamel  were  over  11 MPa. in all cases  (Table 2). However, higher

             .[.i]-a..ble..2.. S.hee.;...b..on. a...s.tlgng.tbs tp...gp..a.{p.e.l.!.M. -R.a.) -.-

             Code  Coating method  Shear bond  strength

             I'L Single 14.2 (4.2)
                           Double 15.7 (5.0)

PA SingleDouble l}i: :ZB ]
 RC  Single

. 
D.oyb,le..

 Me'an'(sD), 

'fillo
 

''''
 

"'

 Vertical bars indicate significant

Table  3 Shear bond  strengths  to

112 (3.5)-
17.0 (2.4)･

differences at  the 5 %  level.

dentin (MPa)

9.o,.C.e .. ,... ...tt.g..a..!I.n..g..II.}e.,!b.pa..,.
PL  Single

             Double

Shear bond  strength

13,7 (3,1)
14.9 (1.6)

PA SingleDoubte
i:ig :Zi?i]

RC SingleDouble :iZ :ii{)]
Mean  (SD), n=10

Vertical  bars  indicate significant  differences at  the  5 %  level.
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Fig.3SEM  observations  of  the  human  enamel  and  dentin surfaces  treated  with  SR  primer
(× 5000),

a, Enamel  surfaee;  The  smear  layer  on  the ground  enamel  was  eompletely  removed,

  and  honey-comb  structures  were  observed.

b, Dentin surface;  The  smear  layer was  removed  and  the dentinal tubules were  ob-

  served,  however, the srnear  plugs  remained  partially in the orifices.

 Fig, 4 SEM  observations  of  the interfaees between  PL  and  enamel  or  dentin (×4000),

       a. PLmenamel  (E) interface
       b. PL-dentin  (D) interface; iN hybrid  layer  (arrow) between  PL  and  dentin were  ob-

         served  at the subsurface  of  the dentin. The  depth of  the hybrid  layer irreguiarly

         ranged  from  O.5 to 1 ,tim.

bond strength  to enamel  was  obtained  for PL, compared  to PA  and  RC  using  the sin-

gle-coating method,  For  PL,  bond strengths  to enamel  showed  no  statistieal  differ-
ences  between single-coating  and  double-coating, whereas  bond strengths  were

significantly  improved when  a  double-coat was  applied  prior to PA  or  RC  (p<O.05),
  Using the single-coating  method  on  dentin, bond  strength  was  14 MPa  for PL, while

bond strengths  were  low for PA  and  RC, However, bond strengths  of  PA  and  RC  to

dentin significantly  increased using  the double-coating method  (p<O.05),
   SEM  observation  of  the enamei  surface  treated with  SR  primer  (Fig. 3a) indicated

that the smear  layer on  the ground  enarnel  was  completely  removed,  and  honey-comb

structures  were  observed;  i.e,, enamel  peripheries were  removed,  Ieaving the prism

cores  intaet. In the  case  of  dentin, the  smear  layer was  removed  and  the  dentinal
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tubules were  observed,  however, the smear  plugs remained  partially in the orifices

(Fig, 3b),

   The cross-sectional  views  of  the interfaces between PL  and  enamel  or  dentin are

shown  in Fig. 4, The photographs  reveal  good  adhesion  between PL  and  tooth sub-

strates.  A  hybrid  layer between PL  and  dentin was  observed  at  the interfaee (Fig.
4b), The  depth of  the hybrid layer irregularly ranged  from  O.5 to lgm.

                              DISCUSSION

Shear bond  test assembly  was  standardized  by  the  International Standards Organiza-

tion (ISO) in 1993i9), In a  eonventional  assembly,  it must  be assumed  that the shear

blade can  never  be placed exactly  at  the bonding interface. However, when  the blade

is placed  away  from  the interface, a  bending moment  wM  be ereated  which  could

cause  some  deviation in the results.  Formation  of  a  small  fillet of  resin  was  also  un-

avoidable  in a  conventional  assembly,  which  may  cause  a  ehange  in the way  that the

stress  distribution occurs  during bond testing20}. The  single  plane shear  test assemb}y

designed by  Watanabe  et al.i7) enables  the shear  force to load close  to the interface

between the tooth  and  bonding resin,  and  can  eliminate  the small  fillet of  bonding

material  (Fig. 2).

   Bovine  teeth  were  used  in the shear  bond  test as  a  substitute  for human  teeth be-

cause  of  the  large number  of  teeth  required  for this study,  and  because human  teeth

are  scarce.  In addition,  the use  of  the bovine teeth makes  it easy  to obtain  uniform

surfaees  for bonding, which  are  suitable  for primary  screening  tests. However, it is
very  important to know  the bonding performances  of  restorative  materials  to human

teeth from  the clinical  stand  point, Thus, human  teeth were  used  in the SEM  obser-

vations  in this study,

   PL  provided  good  bonding to enamel  and  dentin even  with  single-coating  of  SR

primer  because of  its good  wettability  to the cured  primer  compared  to that of  PA
and  RC, The  resin  matrix  of  PL  seems  to penetrate  easily  into the subsurface  of  the

cured  primer  and  be polymerized  there, resulting  in good  formation of  an  interpene-

trating  polymer  network  (IPN). In contrast,  PA  or  RC  lacked affinity  to the cured

primer because of  the low concentration  of  resin  matrix  in these materials,  which  re-

sulted  in limited penetration  of  monomers  into the cured  primer. In double-coating
the SR  primer  in PA  or  RC, the secondlyuzapplied  primer can  penetrate into the poly-
mer  network  of  the first layer of  primer, and  be polymerized, reinforcing  the me-

chanical  property of  the primer.  This reinforcement  increases bond  strengths  to

enamel  and  dentin, The  bond  strengths  to dentin varied  among  these three materials

even  in the double-coating method,  which  might  have been caused  by the differences

in elasticity  among  these materials2i),

   The  SEM  observations  of  the  tooth  surfaees  treated with  SR  primer indieated

that the primer  functioned as  a  mild  conditioner  to enamel  and  dentin, The  pH  value

of  O.6 was  due to tetra-methacryloxy-ethyl  pyro-phosphate  included in the primer,

The acidity  of  the primer  was  remarkably  stronger  than  those of  other  prirners in
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commercially  available  resin-modified  GICs (Nikaido, unpublished  results).  In the
previous  study  on  a  single-step  bonding system,  a  methacryloyloxyethyl  phenyl phos-
phorie  aeid  (Phenyl-P)22) was  expected  to be used  for the multi-functional  monomer

for the system.  Phenyl-P can  remove  the smear  layer on  dentin surfaces  and  pene-
trate into the subsurface  of  dentini`>. The  SEM  views  of  the interfaees between PL
and  enamel  or  dentin indicated that good  adhesion  was  achieved  using  this system.

  The hybrid zoneZ3)'  was  observed  at  the interface between PL  and  dentin, which

strongly  suggested  that the micromechanical  interlocking between the primer  and

dentin is due to the bonding of  the resin-modified  GICs  to dentin substrates.  Such a

zone  has been previously reported  by Shono  (1995)M),
    Bonding procedures  of  commonly  used  dentin adhesive  systems  require  several

steps  to achieve  good  adhesion  to dentin, The  instructions of  the bonding protocols
vary  according  to each  system,  which  may  eonfuse  practitioners, and  cause  teehnical
errors  during  bonding  procedures, Thus, further simplified  bonding systems  should

be developed in order  to reduce  the technical sensitivity  of  the bonding systems,  The

present study  suggested  that a  single-step  bonding system  could  provide  good  adhe-

sion  of  both resin-modified  GICs and  resin  composite  to enamel  and  dentin.

                               CONCLUSION     /

1. The  experimental  primer  was  a  mild  conditioner  for enamel  and  dentin.
2. Double'coating of  the primer  improved the bond  strengths  of  paste type  resin--

  modified  GICs and  resin  composite  to enamel  and  dentin,
3. A  hybrid layer between resin-modified  GICs and  dentin was  observed,

4. It is suggested  that a  single-step  bonding system  could  provide  good  adhesion  to

  enamel  and  dentin.
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PMMA レジ ン と比 較 し優 れ，曲げ弾性率 は PMMA と

同等 で あ り，た わ み 量 は ADA の 規格値 を満 た し て い

た，動的貯蔵弾性率 に 変化は認め られず，コ ポ リ マ ー化

に よ る分子の 運 動性へ の 影響 は 認め ら れ なか っ た．各 モ

ノ マ ー
の 重 合収縮 量 は ，MMA ＞ PHMA ＞NBMA の

順 に減少 した．

メ チ ル シ ク ロ ヘ キ サ ン ジ オ ン を用 い た象牙質接着用 の 新 しい 重合 開始剤

　　今井庸二 ，石川美保

東京医 科歯科大学医用器材研究所

　象牙質の 接着に お ける重合開始系の 役割 を調べ る 研究

の
・・
環 と し て ，2一メ チ ル

ー1．3一シ ク ロ ヘ キ サ ン ジ オ ン

（MCHD ）と塩 化第二 銅 か ら な る 新 しい 重合 開始系の 効

果 を，象牙質の 前処理 と レ ジ ン 中の 塩化第二 銅 の 濃度の

影響 に つ い て 調べ た もの で あ る．0．001−0．03％ の 塩 化 第

二 銅 を含む MMA と 2 ％ の MCHD を含 む PMMA と

か ら成 る レジ ン を用 い て，硬化時間 と牛歯象牙質 に 対す

る 引 張 り接着強 さ を測定 した ．象牙質表面 は ，ひ 396

の 塩化第二 鉄ある い は塩化第二 銅 を含 む 10％ リン 酸ある

い は ク エ ン 酸 の 前 処 理 剤 で 処 理 した．適切な条件 下 で は

約10MPa の 接着強 さが 得 られ，こ の 値 は 現在 最 も効 果

的 な接着性レ ジ ン で あ る トリブ チ ル ボラ ン を開始剤 とす

る MMA レ ジ ン に 匹敵す る もの で あ っ た．こ の ように，

MCHDI 塩化第二 銅 の 重合 開 始系を用 い た レ ジ ン は 象牙

質の 接着 に 非常 に効果的 で あ る こ とが わ か っ た．

1 ス テ ッ プボ ン デ ィ ン グ シ ス テ ム の エ ナ メ ル 質，

　　　　 象牙 質に対するせ ん断接着強 さ
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　1 ス テ ッ プで 接着操作を完了で きる 試作 プ ラ イマ
ー

が 開

発 された．この プラ イ マ
ーを用い て

， 光硬化型 グ ラス ア イ

オ ノマ
ー

セ メ ン トならびに コ ン ポジ ッ トレ ジンの 歯質接着性

に つ い て 検討 した ．せ ん 断接 着 試 験 の 結 果，エ ナ メ ル 質 に

対する良好 な接着性が確認 さ れ たが （＞ 11MPa ＞，象牙

質に対する接着性は低か っ た，しか し，試作 プラ イマ
ー

の

塗 布，光照射 の 操作 を 2回繰 り返す こ とに よ り，象牙質に

対する接着 強 さの 向上 が 認 め られ た （＞ 8MPa ）．　 SEM

観察の結果，試作プ ライマ ーは，エ ナメ ル 質 ， 象牙質 に 対

して，マ イル ドな脱灰効果を有 し，さらに光硬化 型 グ ラ ス

ア イオ ノマ
ー

セ メ ン トと象牙質との 接着界面 に は，樹 脂含

浸層の 形成が確認 された，以 上 の 結果か ら，1ス テ ッ プ の

ボン デ ィ ン グシス テ ム におい て も良好な歯質接着性が 得 ら

れ る可能性が 強 く示唆された．

石 こ う系ク リス トバ ラ イ ト埋没材鋳型 にお ける異方性膨張

渋谷 昌史，大澤雅博 ， 松元 　仁 ，久恒邦博
工

，安田克廣
1

　　　　　　 長崎大学歯学部歯科保存学第
一

講座

　　　　　　
1
長崎大学歯学部歯科理工 学講座

石 こ う系 ク リス トバ ラ イ ト埋没材 に よる鋳型内部の 膨　　張 に つ い て検討した、ア ス ベ ス トリボ ン を裏装 した鋳造

N 工工
一Eleotronio 　Library 　


