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One important rnechanical  property of  core  coinpesite  resins  is fracture toughness,  K}c, which  expresses

serviceability  in the  ora]  cavity,  such  as  the  resistance  to marginal  fracture. Klc values  of eight  commercial

core  composite  resins  were  examined  by the single-edge  notched-beam  (S. E. N. B.) method.  Two  composites

containing  about  80wt%  SiaN4 fillers exhibited  both the highest K}c value  of  around  2.0 MN.rnn3"2 and  the

highest hardness value.  The  other  six cornposites  containing  66 to 86wt%  Si02-based  fillers had K}c values

of  around  1,2 to 2.0 MN.m'"'2,  and  there was  a  tendency toward  higher Kic values  as  hardness  increased. It

was  speculated  that the clinical  acceptability  of  core  composite  resins  could  be broadened, if dental clinicians
selected  composites  with  higher K}c values.
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                              INTRODUCTION

Endedontically treated teeth are  usually  re-constructed  with  post and  core  restorationsi-3).

Although metal  cores  are  generally  recogni2ed  as  superior  in durability and  reliability,  there

exists  a  wide-spread  trend toward  increased usage  of  composite  resin  cores  due to  ease  in

handling and  shorter  chair  timee). The  drawback  of  composite  resin  cores  is, however, their

weakness,  leading to bulk fracture and  interfacial separations  between composite  and  metal

screw  and  between composite  and  remaining  teeth`･5).

   Fracture  toughness, K}c, provides a quantitative measure  of strain-energy  absorption

ability  during structural  deformation, or  a  measure  of  the resistance  to brittle fracture6), The

K}c of  composite  resins  is important in evaluating  their usefulness,  Although  the  K}c of  direct

filling'-9) and  indirect'D) cornposltes  have been measured,  there have been few studies  in which

the K}c of  core  composites  was  examined.

   This  study,  therefore,  determined  the  K}c values  of  eight  commercial  core  composite

resins  and  two  core  cements  (as reference)  by the single-edge  notched-beam  method.  Knoop

and  Micro Brinell hardness  were  also  measured.  Furthermore, the fillers in the composites

were  investigated by thermogravimetric  thermal  analysis  and  X-ray diffraction.

                        MATERIALS  AND  METHODS

Mdterials

Table 1 lists the eight  core  composite  resins  and  two  glass ionomer-based cements  used  for

core  build-up that were  examined  in this study.  The  six  chemically-cured  composites  and  two
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Table 1 Eight commercial  core  composite  resins  and  two  core  glass
        ionomer-based  eements

Type Sample code

Chemically cured  core  composite

Chemically  cured  core  composite

Chemically  cured  core  composite

Chemicarly cured  core  composite

Chemically cured  cere  composite

Chemically cured  core  composite

Visible-light-cured core  composite

Visible-light-cured core  composite

Glass ionomer-based eore  cement

Glass ionemer-based core  cement

MC@1CL@2CC@3CM@4BC@5HD@6PC@7BL@8MM@9Cs@ln

              
@i

 Microrest Core, GC  Co., Tokyo,  Japan (Lot No,:  base==180991,

                 catalyst=191211)

              
@Z

 Corelite, GC  Co., Tokyo, Japan (Lot No.: baset'-'300511, cata-

                 lyst=e71291)

              
@3

 Clearfil Core, Kuraray  Co., Osaka, Japan (Lot No. : universal==                                   J
                 RIJ-1846, catalyst=  RC-1743)

              
@4

 Core Max  II, Sankin Kougyeu  Co,, Tochigi, Japan (Lot No.:

                 powder=229,  liquid=218)

              
@5

 Belfeel Cere, Kanebo  Co., Tokyo,  Japan (Lot No.:  universal=

                 INJ9N,  catalyst=]NJ9N)

              
@6

 Belfeel Core HD, Kanebo Co., Tokyo, Japan (Lot No. : univer-

                 sal  =.- l9BIO, catalyst  =leBID)

              
a7

 CIearfil Photo  Core, Kuraray  Co., Osaka,  Japan (Lot No. : 1154)

              
@S

 BIue Core, Teledyne  Getz Co., Ill. U. S.A. (Lot No. : 76070}
              

@9
 Miraclemix, GC  Co., Tokyo, Japan (Lot ND, : powder=.OI0812,

                 liquid=271111)

              
@iO

 Chelon-silver, ESPE  Co., Germany  (Lot No.:  powder=e120,  liq-

                 uid=. O026)

core  cements  were  mixed  with  plastic spatulas  on  mixing  pacls, following the manufacturers'

instructions, and,  successively,  filled into teflon molds,  4mm  high× 3mm  wide × 20mm  long

with  two  open  longitudinal surfaces  which  were  covered  with  slide  glasses, The  t"ro

visible-light-cured  compesites  were  directly condensed  into the similar  teflon melds,  the two

open  surfaces  of  which  were  covered  by plastic strips,  and  photocured  with  a  visible  light

source',  The  tip of  the light source  (5mm in diameter) was  first located on  one  end  of  the

specimen,  and  photo-cured for 40 s. Following the first photo-cure, the tip of  the light source

was  moved  2.5mm  toward  the  other  end  of  the  specimen  and  irradiated with  visible-light.

This  step-wise  photo-curing  was  repeated  until  the tip of  the Iight source  reached  the other                                                                          '

end  of the specimen,  The  plate specimen  was  then turned upside-down,  and  successively

photo-cured  from  the reverse  side, After setting, surfaces  of  all specimens  were  metallogra-

phically  polished  to a  final finish with  1500 grit sand  paper.  For each  material,  five samples
were  made.  After determination of  the K}c, the plate  specimens,  broken into two, were  used

for hardness  measurements.

'
 QuickLight, ModelVL-1,  Morita  Co,, Kyote, Japan,
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Fraclure tovrghness measurements

Fig. 1 shows  the sample  configuration  and  loading condition  for three-point-bending test, by
which  K}c values  were  determined, A  notch,  about  O.3mm  wide  and  1.6mm  deep, was  carved

at  the  center  of  the long axis  of  the specimen,  using  a  dental diamond disk* driven by a dental

micro-engine#,  The  flexure tests were  performed  in a  universal  testing machineif-,  at  a

crosshead  speed  of  O.5mmlmin.  K}c was  calculated  by the following formula6).

    K}c-3PL/2BPVZ  ' a]'2'{1,93-3.07  (a!W) +14.53  (a!W)2-25.11 (alV'7)3+25.80 (alVV)4}
   Where  a=depth  of  the  notch  (mm)
          PV :=.height  of  the specimen  <mm)
           B=width  of  the specimen  (mm)
           L=:span of  the specimen  (rnm)
           P=-=--breaking load (N)
Hdrdness  measurements

Knoop  hardness, Hk,  was  measured  by indenting the surface  of  the specimen  at  a  load of

9,8 N  <1 kgf) for 30 s with  a  microhardness  tester@. Micro Brinell hardness, MBH,  was

determined  by pressing the surface  of  the specimen  with  a  steel  ball indenter, 5.0mm  in

diameter, at a load of  5 kgf for 30 s with  a  hardness  testing machine@@.  For  each  material,

five hardness  measurements  were  taken.
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::::depth  of  the  notch  = 1.6 ±O.2 mm

hefight of  the specimen  =  4.0±O.1 mm

width  of  the  specimen  
x
 3.0±O.1 mm

span  of  the specimen  =  16.0 mm

Sample configuration  ancl loading condition

for three-point-bending  test, which  measured

fracture toughness,  K}c, using  the  single-edge

notched-beam  rnethod.

 *

 ###

 @@e',

Gemflex thin, Jelenco Co,, N.Y., U.S.A,
Volver  8, Nakanishi  Dental Machine  Co., Tochigi, Japan
Autograph,  Shimadzu  Co,, Kyoto,  Japan
HMV-2000,  Shimadzu  Co., Kyoto, Japan
Mori  Testing Machine Co., Tokyo.  Japan
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Characterization of filiers
To  determine the inorganic filler contents  in set  core  composite  resins,  thermogravimetric
thermal  analysis  (TG) was  performed  with  a thermal  analyzer$,  under  the  following experi-
mental  conditions  : sample  weight,  20± 1 mg  ; reference  material,  ev-alumina  ; TG  sensitiv-

ity, 20mg;heating  rate,  5CC/min;temperature  range,  room  temperature  to 800"C;and
atmosphere,  air  under  a  flow of  30 ml/min  N2. The  weight  of the composite  specimen  at

575'C was  recorded  here as  the filler content  with  relative  accordance  to international
standardii).

   The  composite  resin  paste was  dissolved in acetone  and  centrifuged,  the liquid was

removed,  and  the residue  was  freeze-dried, To  identify the phase of  the inorganic filler, X-ray
diffraction (XRD) analysis  of  the  extracted  fi]lers was  performed  with  a  diffractometer$ S,

under  the following experimental  conditions:  diffraction beam, Cu.Ka  ray  ; accelerated

voltage,  30 kV;  current,  10 mA;  scan  rate  (2e/min),2e lmin; and  scan  range  (2e),10 to 500,
The  phase  of  the filler was  labelled by matching  with  J. C. P, D, S. (Joint Committee on

Powder  Diffraction Standards) filesiZ).

                                 RESULTS

Fig. 2 indicates the K}c of  eight  core  composites  and  two core  cements,  Three composites

(CM, BC  and  HD)  demonstrated the maximum  K}c at  around  2.0 MN.m-3'2, followed by
those  of  three  composites  (CL, CC  and  PC) , while  two  composites  (MC and  BL)  showed  the
minimum  K}(, at  around  1,2 MN.m-3i2. The  two  core  cements  (MM  and  CS) had  much

smaller  K}c values  at  around  O.6 MN.m-3i2,  one  third to one  half those of  core  composite

resms.
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            Sample  code

 Fructure toughness of  eight  eore  composite

 resins  and  two  core  eements,

 
S
 DT-30, Shimadzu Co., Kyoto,  Japan

$$  Geigerflex D-2, Rigaku  Co., Tokyo, Japan
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   Fig.3 shows  the Hk  and  MBH  hardness  of  the eight  core  composites  and  two  core

cements.  The  two  hardness values  were  basically analogous  to each  other,  although  there

were  larger variations  in the Hk  data, One composite  (HD) was  the hardest with  an  MBH

of  about  68, four composites  (CL, CM,  BC  and  PC)  belonged to the group with  the second

highest MBH  score  ranging  from 30 to 40, while  three composites  (MC, CC  and  BL) and  the

two  core  cements  (MM  and  CS) were  in the softest  group  with  MBH  values  between 20 and

30,

   Table  2 summarizes  the contents  and  main  phases of  fillers in eight  core  composite

resins,  The  phase identification of the  fillers in two  composites  (MC and  CL), presumably
labelled as  SiO, -based  glass+BaO,  is still under  confirmation.  The  filler content  of MC  was

the smallest,  at  around  66wt%, while  those of  CL  and  BL  exceeded  80wt%. Three composites

(CC, CM  and  PC) contained  quartz fillers with  concentrations  of  74 to 87wt%, Two  compos-

ites (BC and  HD)  had Si3N4-based fillers with  contents  of  areund  80wt%,

tocoo=vLes=

1OO

80

60

40

20

o

                Sample  code

Fig,3 Knoop  hardness, Hk,  and  Micre  Brinell hard-

      ness,  MBH,  of  eight  core  composite  resins  and

      two  eore  ccments.

Table 2 Contents  and  main  phases  of  fMers in eight  core  composite

       resins

Sample  code
Content at  575"C

    {Wt%)
Main  phase

MCCLccCMBCHDPCBL65.64 ±. 1.13
80.03± l.97

81 .35 :,F l.78

73.66± 1,04

81.45± O.07

79.28± 1.2Z

86.53± O13
84.28± O.65

Glass+BaO  (?)
Glass+BaO  (?)
QuartzQuartzSi,N,Si,N,QuartzGlass
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                                DISCUSSION

The  single-edge  notched-beam  method  is a  popular way  to determine the K}c of  core

composite  resins'-iD).  Considering the K}c values  of  natural  enamel  (at around  1,O MN.
m-3V2)'3･i`) and  those of  natural  dentin (at around  3.0 MN.m'-  

ii'2)i5),
 it was  noted  that  K}c values

of  commercial  core  composites  lie between those of  enamel  and  dentin. To  reduce  the
likelihood of  brittle fracture or marginal  fracture under  tension of  core  composites,  selecting

composites  with  a  higher K}c value,  such  as  one  of  the  two  composites  containing  Si3N4 fillers
or  one  of  those  containing  Si02-based fillers with  a  high filler content  of  more  than 80wt%,
is recommended.

   Yamauchi  et al.r6) already  reported  the  Hk  hardness of  core  composite  resins,  Our data
were  consistent  with  theirs. Hardness  of  all core  composites  and  cements  examined  were

comparable  to, or  lower than,  those of  natural  dentin (Hk of  about  60). Hk  hardness readings
had larger data variation,  compared  with  those of  MBH  hardness. This  might  be attributed
to the fact that the indenter of the latter hit larger and  more  homogeneous areas  including
both filler and  resin  matrix.  Although Yamauchi  et al.i6) found a  linear correlation  between
filler content  and  Hk,  we  could  not  obtain  the  same  resuits.  However,  we  noticed  a weak

linear correlation  between  MBH  hardness and  K}c values  (linear correlation  coefficient,  r=

O,742). The  reason  for this is not  clear,  It apPears  that not  only  the filler contenti')  but also
the resin  matrix  plays a significant  role  in determining  both  hardness  and  Kic,

   The  two  core  cements  had very  low K}c values,  When  selecting  core  cements,  dental
ciinicians  nnust  consider  advantages  other  than mechanical  properties,  such  as  anti-cariogenic

action  from the delayed release  of  fluoride ions or  strong  radiopacity  from metal  ingredients.
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結果， 1 日 目で は ，
GIC へ HY 剤 を 1．5％配合す る こ と

に よ っ て
， 接着強 さ を向上 さ せ る こ とが で きた．経時的

に は，い ず れ の 配合割合の もの で も接着強 さは 低下 し，
HY 剤 を配合 し た もの も ， し な い もの で も ，各配合割合間

で の 差 は 認 め られ な くな っ た，フ ッ 化 ジ ア ン ミ ン銀 の 併

用 に よ っ て GIC の 接 着強 さ は 向上 し，　 HY 　Oお よ び

HYL5 で は，経 時 的 な接 着 強 さ の 低下 も防止で きた．

微 小圧子圧入 法 に よ る歯 科用 陶材の疲れ 寿命の 推定

S．M ．Akkas 　Ali

徳島大学歯学 部歯科理 工 学講座

　 Radial　Crackの ，水中及 び 大気 中 で の ，成 長 速 度 を測

定す る こ と に よ り，炉冷，空冷 した歯科焼付用 歯冠色陶

材の 疲れ 寿命を推定 し た．測定 し た Crackは Vickers圧
子 を 9．8N の 荷重 で 陶 材 表 面 に 圧 入 して 導入 し た ．応力

腐食係tw　n は crack 長 さ を 5 ヶ 月 ま で 測定 して 求 め た。

計算さ れ た n 値 か ら，陶材の 使用応力 の 評価 を 試 み た．

そ の 結果 ， 炉 冷後 ， 水中保存 し た ガ ラ ス 質及 び 長 石 系陶

材 の 使用 応 力 は
， 寿命が 10年以上 に な るた め に は ， そ の

破壊強 さ の 47， 69％ で あ る と計算 さ れ た，風冷強化 （空

冷 ） した陶 材 で は ， そ れ ぞ れ 58，67％で あ っ た．以 上 の

こ とか ら， 風冷 に よ り導入 され た 残留応力 は ガ ラ ス 質陶

材の 使用 寿命 を伸 ば すの に は 有効で あ るが ， 長石系陶材

で は 有意 な違 い が 焦 じ な い こ とが 明 らか に な っ た，

直接的な観 察法 に よる コ ン ポ ジ ッ トレ ジ ン の 口 腔 内磨耗像

岡本　明，関矢一
仁 ， 福島正 義 ， 子田晃

．・．・，岩久正 明

　　　　　　新潟 大 学 歯 学 部 歯科保存学第
一

教室

　本研究 の 目的 は，コ ン ポ ジ ッ トレ ジ ン の 磨耗 を 口 腔内

で 評価 す る た め の 簡便な方法を開発 し， 磨耗 の 進行過程

で 果 た す フ ィ ラー
の 役割を明 らか に す る こ と で あ る，2

種類 の 異 な る フ ィ ラ
ーシ ス テ ム，81wt ％の 粉砕 フ ィ ラー

（従来型 ）及 び 73wt％の 有機複合 フ ィ ラ
ー

（MFR 型 〉，

を有 す る 試作光 重合型 コ ン ボ ジ ッ トレ ジ ン が 用 い られ

た．な お
， 試 作 レ ジ ン に は，Bis−GMA （50　wt ％） と

TEGDMA （50　wt ％）か らな る レ ジ ン モ ノ マ
ーが 用 い ら

れ た．Au−Pd 合金 製 ク ラ ウ ン の 咬合接触部 （OCA ） と非

接触部 （CFA ）に 設け た 直径 2mm の 円筒形 窩洞 に 試作

レ ジ ン を充填 し ， ボ ラ ン テ ィ アの 口 腔内に ク ラ ウ ン を 仮

着 し た，ク ラ ウ ン は 1月毎 に 撤 去 され ，
SEM に よ る 連続

的観察が 行 わ れ た．そ の結果 ， 新し く開発 され た方法 は，
コ ン ポ ジ ッ トレ ジ ン の 口 腔 内磨 耗 パ ダ

ー
ン の 観察 に 有用

な こ とが 明 か と な っ た．また，異 な る ブ イ ラ
ー

シ ス テ ム

を有す る試作 コ ン ポ ジ ッ トレ ジ ン は ， 著 し く異な る 口腔

内磨耗 パ ターン を示 し た，

市販 コ ア ー
用 コ ン ポ ジ ッ トレ ジ ン の 硬 さ と破壊靱 1生値 測定

宮脇博正 ， 平　雅之，豊岡博夫 ， 若狭邦男 ，

　　　　　　　広島大学歯学部歯科理 工 学講座

山木 昌雄

　8 種類の 市販 コ アー用 コ ン ポ ジ ッ トレ ジ ン と 2 種類 の 　　側 切 り欠 き 試験片 （S．E．　N ．B ．法 ） に よ る 破壊靱性値

市販 コ ア
ー

用グラ ス ア イオ ノ マ
ー

セ メ ン トに つ い て ，片
『
　　 （κ c ）測 定 を行 っ た．ま た，Knoop 硬 さ と Micro　Brlnell

N 工工
一Eleotronio 　Library 　
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硬 さ 測定 を 行 っ た．そ の 結 果，Si，N ， を 80　wt ％ 程度含有

す る 2 つ の コ ン ポ ジ ッ ト レ ジ ン が 最大 の K 、c 値 （＝ 約

2．0 ＃MN 肝
312

）と 最大の 硬 さ を有す る こ とが 判明 し た、

他 の 6種類の コ ン ポ ジ ッ ト レ ジ ン は 66か ら 86 ＃wt ％ の

SiO2系 フ ィ ラーを含有 し，硬 い 試料程大 きな KiC値（1，2

か ら 2．OMNm
−3 ／2

＞を有す る傾向 を示 した．2種類の コ

アー用 セ メ ン トの Kc 値は ，
コ アー用 コ ン ポ ジ ッ トレ ジ

ン の 半分以下 で あ っ た ．こ れ らの 材料 を臨床応用 す る 際

に は ， 縁 端部の 破折等 を防止 す る 目的 で ， 高 めの KiC値

を 有す る 材 料 を選 択 す べ き こ とが ．J峻 さ れ た．

歯科用接着剤含有 Methacryloyloxydecyl　Dihydrogen 　Phosphate （MDP ）と

　 りん脂 質 リボ ソー ム 相互作用 の NMR ス ペ ク トロ ス コ ピー研究 （続 報）

藤沢盛一郎，菰田泰夫
工

東京医科歯科大学歯学部総合診断部

星

東京医科歯科大学医用 器 剤材研究所

　MDP が りん脂 質 リボ ソーム と ど の よ うに 相互作用 す

るか を見出す た め に ，
DPPCIMDP リボ ソ

ーム 及 び ジ ラ

ウ ロ イ ル フ ォ ス フ ァ チ ジル エ タ ノ
ー

ル ア ミ ン （DLEA ＞／

コ レ ス テ ロ
ー

ル （CS ）IMDP リボ ソーム 両系の NMR ケ

ミ カ ル シ フ トの 変化 を pH 　7．0 で 研 究 し た ．こ の 結 果

DPPC 系 で リ ボ ソ
ー

ム の 流 動 化 を伴 っ て MDP の
LH

遮

蔽 が 見 られ た．DLEAfCS 系 で MDP の
iH

シ グ ナ ル は 飽

和 して 観測 で きなか っ た．一
般 に イオ ン化 す る化合物 は

りん 脂質 2 重 層 よ り成 る生 体膜 を透過 し に くい ，本研究

か ら，pH 　7．0 で イ オ ン 化 し た MDP の リ ボ ソ
ーム 相 亙 作

用 が 大 き い こ とが 明 らか に な っ た．こ れ は MDP 分子中

の デ カ メ チ レ ン グル
ープ と りん脂 質 の ア シ ル 鎖 と の 疎水

性相互作用 に起因す る と推察 さ れ た，

N 工工
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