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   The visible  light-cured unfillecl resins  using  the nine  types of aromatic  climethacrylates were  investigated
to determine the effects  of  the  monomer  structure  on  selected  properties.  Analysis of  the  data indicated that

the mechanical  properties of  these  unfi11ed  resins  were  much  dependent  upon  the monomer  structure.  There

was  alse  a  correlation  between  the  water  sorption  value  of  the  unfi11ed  resins  and  the  reduction  in their

mechanical  preperties under  wet  conditions.  The  results  of this investigation indicated that the fluoro

groups-containing  dimethacrylate resin  would  be the effective  resin  system  for visible  light-cured clental
restorative  materials.
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                              INTRODUCTION

   Since Bis-GMA  monomer  was  introduced as  a  dental resin  component  by Bowenr), it has

continued  to be the most  extensively  used  in dental resins  such  as  composite  restorative

resins  and  fissure sealants2-`).

   Bis-GMA  has a  rigid  bisphenol A  backbone in its chemical  structure.  The  bulky nature

of  the bisphenol A  group  leads to a  rigid  polymer  with  lower polymerization shrinkage.

However, the Bis-GMA-based  materials  showed  a  relatively  higher water  sorption  due to the

twe  hydroxy groups  in the Bis-GMA  molecule5).  Absorbed water  in Bis-GMA-based

composite  resins  can  release  internal stress,  promote  fi11er-resin debonding, and  reduce  the

mechanical  properties of  the  composite  materials.  The  structure  of  the dimethacrylates

containing  the bisphenol backbone, as  well  as  their concentration  in resin  systems,  affects  the

mechanical  properties and  water  sorption  of  the cured  resin,

   The  objective  of  this study  was  to investigate the effects  of  the monomer  structure  of

nine  type$ of  arematic  dimethacrylates on  the mechanical  properties and  the water  sorption

in unfilied  resin  systems,

                        MATERIALS  AND  METHODS

theParation of aromatic  dimethac7ylates

   The  chemical  formu]as  of  the nine  types of  aromatic  dimethacrylates used  in this study

and  their synthetic  schemes  are  given in Fig. 1.

   Bis-GMA-F  and  Bis-GMA-C  were  prepared  according  to the  method  of  Brzozowski  and

Nowicki6) (scheme 1) and  purified using  column  chromatography.  Bisphenol C  was  obtained
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       Fig, 1 Synthetic schemes  and  structural  formulas  of  aromatic  dimethacrylates.

as  described in the literature7). Bis-GMA-EPh  and  Bis-GMA-ECh  were  prepared  according

to scherne  2. The  preparatien of  methacryloxyethyl  hydrogen  phthalate and  methacrylox-

yethyl hydrogen hexahydrophthalate  was  carried  out  by  a  similar  rnethod  of  Fukushima  et

aL8).  Bis-MPPP  was  prepared  according  to  scheme  3, and  purified by using  column

chromatography  (silicagel ; Lobar  type C*, eluent  ; benzenefethyl acetate  90/10 v/v).  The

preparation of  Bis-MEPP,  Bis-MEEPP,  and  Bis-GMA  waS  conducted  as  previously

described9-iO}. Commercially available  Bis-ME2,6PP**  was  used  without  further

purification.
PhrePa7zition of test specimens
   Each aromatic  dimethacrylate was  diluted with  triEDMA"  

"
 in a  molar  ratio  of  1!1,

 
"LiChroprep

 Si 60, Merck, Darmstadt, Germany
"Shin-Nakamura

 Chemical Co., LTD., Wakayama,  Japan
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Photosensitizer <O.5 wt%  of  camphoroquinone*  
*
 
*
 and  1.0 wt%  of  N, N-dimethylaminoethyl

methacrylate#)  was  added  to the monomer  to prepare nine  types ef  visible  light-cured unfilled

resln  systems,

   They were  poured  into an  aluminium  mold  with  the ends  covered  by glass  plates  (O.7 mm

thick)  and  irradiated twice  through  both glass plates with  a  light seurcefi#  to  make  specimens

of  flexural strength  which  conform  to elastic modulus  measurements.  After the cured  resins

were  removed  from  the mold,  the bar specimens  (2× 2 × 30 mm)  for each  resin  system  were

made  by cutting  with  a  low-speed diamond  saw###  and  subsequently  finished with  600-grit wet

SiC paper.

   The  unfi11ed  resins  were  poured  into a  glass tube (4 mm" × 40 mm)  and  irradiated in four

different directions for each  9es to ensure  optimal  conversion.  The  cured  resins  were  cut

with  a  low-speed diamond  saw  to make  specimens  of  the compressive  proportional limit and
diametral tensile strength  (4 mme × 6 mm  for compressive  proportional limit measurement,

and  4 mme × 4 mm  for diametral tensile strength  measurements).

   For water  sorption  measurements,  three disc specimens,  20 mrn  in diameter and  1 mm

thick, were  made  from the resin  which  were  cured  in glass plate-covered aluminium  molds  by

120 s illuminations through  both glass plates,

   Each specimen  was  divided into two  groups. One  group  was  kept at  37aC in a  dessicator

for 30 days (dry conditions)  and  the ether  was  immersed  in distilled water  at  37'C for 30 days

(wet conditions),
Mbasurement of mechanical  PivPerties

   The  fiexural strength  and  elastic  modulus  were  measured  on  the  bar specimens  (n=10)
by a  three-point bending test with  a  universal  testing machine####･  at  a  cross-head  speed  of  1

mm/min  The  length between the supports  was  20 mm.  The  elastic  modulus  was  deterrnined

from the flexural stress-strain  curves.  The  compression  test (n=7) was  carried  out  with  a

constant  cross-head  speed  ef  1mm/min.  The  proportional limits on  the  compression  test

were  determined because these unfi11ed  resins  were  not  completely  brittle. A  diametral
tensile strength  test (n =  7) was  carried  out  at  a  cross-head  speed  of  le mm!min.  Since the  test

specimen  showed  a  large plastic deformation  when  tested, the  tensile strength  determined

from the proportional lirnit was  calculated  as  the diametral tensile strength.

PVketer so}Ption  ･

   Three  disc specimens  were  conditionecl  to a  constant  weight  in a  dessicator and  subse-

quently  immersed in distilled water  at  37"C. The  specimens  were  re-conditioned  to a  constant

weight  in a  dessicator under  vacuum  two  months  after  immersion  in water.  The  water

sorption  for each  resin  system  was  determined from the differences in weight  between the

specimen  immersed for two  months  and  the re-cenditioned  specimen.  The  water  sorption

results  in this study  are  expressed  in ptgfmm3,
llata analysis

"
 
"Alclrich

 Chemical Co,, WIS,  USA

  
#･Nacalai  Tesque, Kyoto, Japan

  ##Dentacolor  XS, Kulzer  and  Co., Wehrhelm,  Germany

 ###Isomet,  Buhler, Evanston, IL, USA

 ###ttShimadzu  IS-5000, Kyoto, Japan
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   The  data were  analyzed  with  Scheffe's test for multiple  comparisons  between  the means

at  a  significant  level of  O.05.

RESULTS

   The  IR spectra  assignments  and  NMR  chemical  shifts,  and  elemental  analyses  of  newly

synthesized  aromatic  dimethacrylates (Bis-GMA-F, Bis-GMA-C,  Bis-GMA-EPh,  Bis-GMA

-ECh,  and  Bis-MPPP)  are  listed in Tables  1 and  2, respectively.  The  IR and  NMR  spectra

data were  consistent  with  assigned  structure  of  each  monomer.  The  elemental  analyses  were

also  reasonably  consistent  with  the chemical  formula  assigned  to them.

   Mechanical  properties of  the unfi11ed  dimethacrylate resins  are  surnmarized  in Table  3.

The  results  of the Scheffe's test for multiple  comparisons  of  the mechanical  properties are

shown  in Table  4.

   The  unfi11ed resins  based on  dimethacrylates containing  hydroxy groups  (Bis-GMA, Bis
-GMA-F,  Bis-GMA-C,  Bis-GMA-EPh,  and  Bis-GMA-ECh)  showed  a  relatively  large

decrease in flexural strength  under  wet  conditions.  In contrast,  the  resins  based on  dimetha-

crylates  witheut  the hydroxy group  showed  only  a  slight  decrease in flexural strength  under

Table  1IR  assignments  and  NMR  chemical  shifts  of  aromatic  dimethacrylates

IR absorption  bands  (cm'i) NMR  chemical  shifts  (ppm)

Bis-GMA-F

Bis-GMA-C

Bis-GMA-EPh

Bis-GMA-ECh

Bis-MPPP

3600-3200 (OH), 2950 (CH,),
1720 (C=O), 1640 (C=C),
I040 (C-O), 1200 (CF,),
940 {CH)
3640-3190 (OH), 2960 {CH,),
1720 (C== O), 1640 (C=C),
1450 (CH,), 1050 (C-O)
3630-3250 {OHL 2960 (CH,),
1730 CC=O), 1640 (C=C),
1045 (CH,), 940 (CH)

3650-3200 (OH), 2940 <CH,),
l720 (C=O), 164e (C=C>,
1450 (CH,), 1040 (C-O)

2960 (CH,), 1720 (C=O),
1640 (C=C>, 1045 (C-O),
940 (CH)

l,92 (6H,-CH,), 3.IO (2H,-OH), 3.90-4,45 (8H,
-CH2-),

 5.58 and  6.10 {4H, CH2=:>, 6.75-7,40
(8H, aromatic)

1,93 (6H, -CHs>, 1.5U-2.22 {leH, cyclohexane),
2.87 (2H,-OH), 3.95-4.35 (10H,-CH,CHCH,-), 5.56
and  6,12 (4H, CH2=), 6,68-726 (8H, aromatic)
1.57 (6H, -CH), 1.96 {6H, -CH,), 3.15 (2H, -OH),
3.98-4.15 (10H, -CH,CHCH,-),  4.45 (8H, -CH,->,
5.52 and  6.10 (4H, CH,=),  6.7e-7.23 and  7.40-
7.80 (16H, aromatic)
1.60 (6H, -CH,>, 1.97 (6H, -CH,), 1.40-1.98 (16H,
cyclohexane),  2.80-3.05 <6H, -CH-), 3,12 {2H, -OH),
3.95-4.20 (10H, -CH,CHCH,-),  4.39 (8H, -CH,-),
5.60 and  6.12 (4H, CH2=), 6,70-Z35 (8H, aromatic)
1,62 (6H, -CH,), 1.95 {6H, -CH,), 3.90-4,35 (12H,
-CH,-),

 5.52 and  6.09 (4H, CH,=),  6,70-7,40 (8H,
aromatic)

Table2  Elemental  analyses  of  aromatic  dimethacrylates

Calculated (%) Found  (%)

Bis-GMA-F

Bis-GMA-C

Bis-GMA-EPh

Bis-GMA-ECh

Bis-MPPP

cHCHCHCHCH:56.13:
 4.87:
 69.55:
 7.30I
 65.62:
 5.84:
 64,74:
 7.10:
 72.48:
 7.55

C  :55.99
H:  4.90
C  : 69.38
H:  7.40
C  :65.49

H:  5.91
C  : 64.55
H:  7.29
C : 72.20
H:  7.48
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3 Mechanical  properties of  unfilled  dimethacrylate resins

Monomer
composition

 (mol%)

Flexural
strengthCMPa)

Elasticmodulus

 (GPa)

Compressive
proportional
  limit
  <MPa)

Diametral
 tensilestrength

 (MPa)

Amount  of

 water

 sorption

{uglmm3)

Bis-GMA
 :triEDMA=50:50

Bis-GMA-F
 :triEDMA=50:50

Bis-GMA-C
 :triEDMA=50:50

Bis-GMA-EPh

 ; triEDMA=50  ; sO

Bis-GMA-ECh
 ; triEDMA=50  : 50

Bis-MEPP
 :triEDMA=50:50

Bis-MEEPP
 :triEDMA=:50:50

Bis-MPPP
 :triEDMA=50:50

Bis'MEz6PP
 :triEDMA=50:50

drywetdrywetdrywetdrywetdrywetdrywetdrywetdrywetdrywet149.199.7156.7119.6101.180.3101.761.4113.470,2170,3123.896.693.8113.1107.6120.7115.7(7.3)(4.6)(6.6)(6.6)(2,6)(2.4>(3.2)(1.3)(2.7)(5.1)(7.3)(6.1)(2.4)(1.5)(4.3)(3.4)(4.6)(2.4)3,53 (O.05)
2.15 (O.06)

3,74 (O.09)
2.87 (O.07)

2.51 (O.05)
1.22 (O.e4)

2.64 (O.10)
1.50 (O.05)

2,85 (O.11)
1.83 (O.08)

2.96 CO.06)
2.89 (e.07)

2,19 (O.06)
1.31 (O.02)

2.48 (O.04)
2.33 (O.04)

2.72 (O.05)
2.57 (O.08)

116.3 (5.7) 430.2

76.1 (2.2) 324.0

118.9 (2,6) 438.0
99.6 (1.6) 345,1

74,6 {2.6) 305.1
56,1 (1,6) 246.5

101,9 (1.3) 385.2
66.2 (1.9) 243.8

99.0 (2.0) 367.2
67.2 C8.4) 260.1

9I.1 (1.3) 383.3
85.I (1.9) 329.6

68.0 (1.6) 269.7
59.3 (2.4) 247.6

84.5 (2.2) 337.7
78.7 (2,7) 324.0

82.4 (2.3) 357.7
79.7 (1,O) 326.6

( O.7)(
 O.8)(10.0)(13.3)(

 9,4)(
 6.0)(

 4.6)(
 4.8)(

 2.9)(
 5.6)(

 8.8)(
 9.4)(

 7.3)(
 2,8)(

 9.6)(
 8.3>(

 7.2)(
 4.e)

58.9

55.4

62.3

35,4

40,2

20.5

22.5

16.8

18.2

(O.03)

(O.04)

(O.02)

<O.10)

(O.04)

(0,04)

(O.05)

(O.10)

(O.02)

(SD in parentheses)

Table  4Results  of  comparison  test for the mechanical  properties

Flexural strength Elastic modulus  Compressive
proportional limit

 Diametral
tensile strength

Dry Bis-MEPP
Bis-GMA-F
Bis-GMA
Bis"ME2sPP
Bis-GMA-ECh
.Bis-MPPP
Bis-GMA-EPh
Bis-GMA-C
Bis-MEEPP

Bis-GMA-F
Bis-GMA
Bis-MEPP
Bis-GMA-ECh
Bis-ME,,,PP
Bis-GMA-EPh
Bis-GMA-C
Bis-MPPP
Bis-MEEPP

r
Bis-GMA-F
Bis-GMA
Bis-GMA-EPh
Bis-GMA-ECh
Bis-MEPP
Bis-MPPP
Bis-ME,.,PP
Bis-GMA-C
Bis-MEEPP

Bis-GMA-F
Bis-GMA
Bis-GMA-EPh
Bis-MEPP
Bis-GMA-ECh
Bis-ME,.,PP
Bis-MPPP
Bis-GMA-C
Bis-MEEPP

Wet Bis-MEPP
Bis-GMA-F
Bis-ME,.,PP
Bis-MPPP'
Bis-GMA
Bis-MEEPP
Bis-GMA-C
Bis-GMA-ECh
Bis-GMA-EPh

lJ

f

Bis-MEPP
Bi$-GMA-F
Bis'MEzsPP
Bis-MPPP
Bis-GMA
Bis-GMA-ECh
Bis-GMA-EPh
Bis-MEEPP
Bis-GMA-C

1

r

Bis-GMA-F
Bi$-MEPP
Bis-ME,,,PP
Bis-MPPP
Bis-GMA
Bis-GMA-ECh

Bis-GMA-EPh
Bis-MEEPP
Bis-GMA-Cl

:l･giSiililf)1,-F 1
Bis-ME,.,PP
Bis-MPPP
Bis-GMA
Bis-GMA-ECh
Bis-MEEPP
Bis-GMA-C
Bis-GMA-EPh

Resins connected  by bars were  not  significantly  different.
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wet  conditions,  except  for the  Bis-MEPP  resin.  Although  the fiexural strength  ef  the Bis
-GMA,

 Bis-GMA-F,  and  Bis-MEPP  resins  were  higher than  that of the other  resins  under

clry conditions,  the Bis-GMA-F  and  Bis-MEPP  resins  $howed  a  significant]y  higher flexural
strength  than  the Bis-GMA  resin  under  wet  conditions.

   The  Bis-GMA  and  Bis-GMA-F  resins  have a higher flexural strength  qnd  elastic

modulus.  The  elastic modulus  of  the Bis-GMA-C,  Bis-GMA-EPh,  and  Bis-GMA-ECh  resins

was  significantly lower than  that of  the Bis-GMA  and  Bis-GMA-F  resins  under  both dry and

wet  conditions.  The  Bis-MEPP,  Bis-MPPP,  and  Bis-ME2,6PP resins  shewed  a  slight

decrease in elastic  modulus  under  wet  conditions,  while  the Bis-MEEPP  resin  showed  a

significant  decrease.

   There was  significant  difference (p<O.05) between the compressive  propotional limit of

the hydroxy group-containing  dimethacrylate resins  and  the other  resins,  except  for the  Bis
-GMA-C  resin,  under  dry conditions.  The  Bis-GMA-C  resin  showed  a  significantly  lower

compressive  proportional limit than the other  hydroxy group-containing dimethacrylate

resins  under  both dry and  wet  conditions,  The  decrease in cempressive  proportional limit ef

the Bis-MEPP,  Bis-MEEPP,  Bis-MPPP,  and  Bis-ME2sPP  resins  in water  were  lower than

that of  the hydroxy group-containing dimethacrylate resins.

   The  diametral tensile strength  of  the unfi11ed  resins  were  slightly  decreased under  wet

conditions,  The  decrease in diametral tensile strength  of  the hydroxy  group-containing
dimethacrylate resins  was  higher than that of  the other  resins.  These results  correlate  with

the above-mentioned  results  in fiexural and  cempression  testing.

   The  water  sorption  value  of  the  hydroxy  group-containing dimethacrylate resins  was

higher than  that of  the other  resins.  The resins  based on  hydrophobic dimethacrylates <Bis
-GMA-F,

 Bis-GMA-EPh,  and  Bis-GMA-ECh)  showed  relatively  lower water  sorption  than

the Bis-GMA  resin.

                               DISCUSSION  ,

   Analysis of  the results  obtained  in this investigation indicated that  the mechanical

properties were  clearly  dependent on  the structural  nature  of  the dimethacrylate. The  seven

types  of  dimethacrylates contain  a  bisphenol A  backbone. Previous report  indicates that  a

dimethacrylate containing  a bisphenol A  backbone is a  rigid  and  brittle polymer"). As  would

be expected  from  the  report,  the  Bis-GMA  and  Bis-MEPP  resins  were  highly brittle nature

under  dry conditions.  However, the  mechanical  properties of  this Bis-GMA  resin

significantly decreased under  wet  conditions  as  compared  with  the Bis-MEPP  resin.  It was

also  found that the mechanical  properties of  the other  hydroxy group-containing resins

decreased under  wet  conditions.

   Bis-GMA-EPh  and  Bis-GMA-ECh  containing  an  additional  two  aromatic  (phthaloyl
groups) or  cyclohexane  (hexahydro phthaloyl groups) rings,  respectively,  are  relatively  higher

molecular  weight  dimethacrylates (Mw=869.9 and  9e9,O, respectively)  than  Bis-GMA.  As

expected,  these dimethacrylate resins  showed  a  more  hydrophobic nature  than  the Bis-GMA

resin.  However, the mechanical  properties were  lower than  Bis-GMA  due to their higher

segmental  mobility.  If these types of  dgrnethacrylates are  used  in resin  components,  they are
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capable  of  giving strength,  impact  resistance,  and  a  lower  polymerization shrinkage  to the

cured  resins.

   On  the other  hand, the mechanical  properties of  the dimethacrylates without  hydroxy

groups  (Bis-MEPP, Bis-MEEPP,  Bis-MPPP,  and  Bis-ME2sPP  greatly depended  upon  the

segmental  mobility  of  their aliphatic  sicle chains.  The  Bis-MEPP  resin  showed  a highly

brittle nature,  while  the resin  based on  Bis-MEEPP,  which  contained  longer side  chains,  was

flexible. Since the oligomeric  Bis-ME2,6PP which  has been used  as  resin  system  for some
dental composite  resins,  is a  mixture  of  a  dimethacrylates with  varieus  lengths of  side  chains,

the mechanical  properties of  the  Bis-ME2.6PP  resin  could  not  be compared  with  those of  the

other  dimethacrylate resins,

   The  Bis-GMA-C  has a  cyclohexane  ring  in their backbone. This  cyclohexane  ring  could

result  in increasing the steric  hindrance on  the network  formation, which  results  in increasing

the residual  unsaturation  in cured  materials.  The  limited mechanical  properties  of  the Bis
-GMA-C

 resin  would  be caused  by these polymerization defect.

   With  respect  to the  Bis-GMA-F  monomer,  the  fluoro group-containing dimethacrylate
has some  advantages  for use  as  a  dental resin  system.  Hirabayashi  and  Hirasawai2) reported
that the fiuorine-containing dimethacrylates were  effective in decreasing the refractive  index
of  the monomers.  Furthermore,  several  researchers  indicated that fluoro group-containing
menomers  increased the hydrophobility of  their polymersi3Ti`). In fact, the Bis-GMA-F  resin

in this investigation showed  higher mechanical  properties  than  the Bis-GMA  resin  under  wet

conditions.  These  findings suggested  that the Bis-GMA-F  resin  system  would  be effective  for
the base  monomer  system  in visible  light-cured dental composite  resins.

                     ･ CONCLUSIONS

   Nine  types of  photopolymerizable  unfilled  resins  were  prepared,  and  the effects  of

monomer  structure  on  the  mechanical  properties of  the  cured  materials  were  investigated.

The  results  of this investigation revealed  that the mechanical  properties  of  these unfi11ed

resins  were  highly dependent upon  the monomer  structure.  The  hydroxy groups-containing

dimethacrylate resins  showed  a  relatively  higher reduction  in mechanical  properties under

wet  conditions  as  compared  with  those under  dry conditions  due to the higher water  sorption

for these  resins.  On  the  other  hand, the  mechanical  properties  of  the resins  based on

dimethacrylate without  the  hydroxy  groups  were  related  to the segmental  mebility  of  their

side  chains.  The  results  of  this study  also  indicated that the fiuoro groups-containing

dimethacrylate resin  would  be an  effective resin  system  for visible  light-cured dental restora-
tive materials.
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細胞培養法 に よ る Ni・Cr合金の 細 胞毒性の 評価

兼松宣武
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＊ ＊
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朝 日大学歯学部 口 腔 細 菌 学 講 座　　
寧 榊

朝 日大 学歯学部歯科保存学第 1講座

　　　　　　　　　
“＊”＊

朝 日大学 歯 学 部 歯 科補 綴 学 第 3講 座

　 数 種 の 市販 Ni・Cr合金 の 細胞毒性 を マ ウス 線 維 芽 細

胞 （L929 ）を用 い た培養法 に よ り検討 し た。細胞を合金

試料 と共 に培養 した後 の 細胞生存率 と コ ロ ニ ー形 成率 を

対 照 （ガ ラ ス ） と比 較 す る こ と に よ り毒性 を検定 し た。

本 実験 で 供試 した合金 は細胞 の 生存性 と コ ロ ニ ー形成 に

対 して一
様 に 毒性 を示 した が，そ の 程度 は合金の 種類 に

よ っ て 異 な っ て い た 。 標準 の Ni・Cr二 元 合金 に お い て

は ， そ の 細胞毒性 は 合金 か らの Ni の 溶出量 と密 接 に相

関 す る こ とが 示 さ れ た 。細胞毒性，Ni の 溶 出量 は共 に 合

金 中の Cr含量に 依存 して お ワ，Cr 含量 が 15％以 下 に な

る と急激 な細胞毒性 の 上 昇 が 認 め られ た。しか し市 販 の

Ni・Cr 合 金 の 場 合 ， そ の 細胞毒性の 強 さ を Ni の 溶 出性

と Cr の 相 対的 な含 量 と の 関係 の み に 基 づ い て説 明 す る

こ と は で き な か っ た。こ の 結果 は Co，　 Cu とい っ た合 金

中 の 他 の 成 分 の 影響 あ る い は ，Cr含有量 に 依存 した 合金

組織内の 不均
一

性 に よ る もの と推察 され た 。

ア ク リル 系義歯床 用 レ ジン の衝撃 特性

一
第 1報

一
衝撃特性を決定す る方法

　　　　　奥　淳一

鹿児島大学歯学部歯科 理 工 学講 座

　硬質プ ラ ス チ ッ ク の 耐衝撃性 は ，
シ ャ ル ピー

ある い は

ア イ ゾッ ト衝 撃 試 験 機 を便用 して検討 され て い る が ， こ

れ らの 試験機 は高速 （3，35m ／s） で 単
一

ス ピー
ドで あ る

こ と， また 歯 科 修 復 物の よ うな 比 較 的 小 さ い 試験 片で は ，

衝撃破壊 に関 す る情報を得に くい な どの 欠点が あ る 。 こ

の 問 題 を解決 す る た め に ， 小試験 片で 測 定 が行 な え る衝

撃試験 機 を考案 し．
PMMA レ ジ ン の 衝撃特性 を調べ た 。

　衝 撃 強 さ ，
レ ジ リエ ン ス お よ び靱 性 は ， 試験 片の ス パ

ン が 小 さ い もの ほ ど大 き く， ノ ッ チ部 を 除 く有効 断面 積

が 大 きい もの ほ ど大 き な 値 を示 し た。衝撃 ス ピードが

13．5cm ／s （平 均 咬合ス ピー
ド）か ら 50，0cm ／s まで の 範

囲 内 で は，ス パ ン 3．Ocm と し た 場合 の 衝撃強 さ は 一定

の 値 （1．16XlO3　J／cm2 ）を示 し た が，そ れ以 上 の ス ピー

ドで は減少 し た。常温 重 合 レ ジ ン で は，重 合後 の 時 間経

過 に とも な う物性変化 に 関 す る 情報 も得 られ た 。 時間 の

経 過 に つ れ て 破壊係数 は しだ い に 大 き くな り，衝 撃 強 さ

は減少 した。重 合後 1週間で は，こ れ らの 値 は 加 熱 重 合

レ ジ ン や 熱 処 理 試 料の 値 に 近づ い た。

可視光線重合型 unfilled 　 resin の 物性 に及 ぼ すモ ノ マ ー構造 の影響

川 口　稔 ， 福 島忠男 ， 堀部　隆

　 福 岡歯 科 大 学 歯科 理 工 学教 室

　分子 内に ビ ス フ ェ ノール 骨格 を有す る 9種 の ジ メ タ ク

リ レ
ー

ト （Bis．GMA ，　 Bis−GMA −F，　 Bis・GMA −C，　 Bis−

GMA −EPh，　 Bis−GMA ・ECh ，　 Bis−MEPP
，
　 Bis−MEEPP

，

Bis・MPPP ，　Bis・ME2、6PP ） と triEDMA よ り成 る 光重合

型 の un 丘lled　resin を 試作 し ， 重 合体 の 機械的性質 と吸 水

性 を 測 定 す る こ とに よ り，
モ ノ マ

ー
の 分子構造 と重 合体

N 工工
一Eleotronio 　Library 　
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の 物性 と の 関係 を検討 した 。
ビ ス フ ェ ノ ール A や フ ル オ

ロ ビス フ ェ ノ
ー

ル A 骨 格 を有 す る ジメ タ ク リレ ートの 重

合体 は，総 体的 に 良 好 な機 械 的性 質 を 示 し ， 各 重 合体の

物性が ，モ ノ マ ーの 分 子 構造 の 剛 直 性 お よ び 疎水性 に

よ っ て 影響 を受ける こ とが 明 らか とな っ た 。 また，運動

性 に 乏 し い 分子構造 の モ ノ マ
ー

で は，立体障害に よ る も

の と考 え られ る物性 の 低下 が認 め られ た。フ ル オ ロ 基を

有 す る ビ ス フ ェ ノ
ール 骨格 の ジ メ タ ク リ レ ートは 比 較的

優れ た物性 な ら び に 耐水性 を示 し ， 修復用 レ ジ ン の ベ ー

ス モ ノ マ
ーと して の 有用性 が 示唆さ れ た。

人 歯牙象牙質の ね じ りにお け る動的ず り弾性率

　 有川裕之 ， 井上勝一
郎

鹿児島大 学歯掌部歯科理 工 学講座

　 人 歯 牙 の 種 々 の 物 性 に つ い て の 報告 は 比 較的少 な く，

未解明 の 部分 が 多い
。 な か で も歯牙の 粘弾性的性質 は 口

腔内に お け る修 復 材 料の 挙 動 に 大 き く影 響す る も の と み

られ る こ とか ら重 要 で あ る 。 本研究で は ね じれ 自由減衰

型 粘弾性測定装置をもちい て 人歯牙象牙質 の動的ず り弾

性 率の 測 定 を 試 み た 。

　 試料 は履 歴 の 判 明 した 新鮮抜去歯 を マ イ ク ロ カ ッ ター

に て短 冊状に 切断 し測定 に 供 した 。 測定 は 雰囲気温度 を

1℃ ／min の 速度で 昇 温 し ， 23℃ か ら 150℃ の 温度範囲 に

わ た っ て お こ な っ た。

　弾性率 （G）は温 度 の上 昇 に伴 っ て わ ずか に大 き くな る

傾 向が み ら れ た が ，温 度 に よ る弾 性 率 の 変 化 は小 さ か っ

た。損失率 （tan δ） は 75℃ 付近 に ピークが み られ た 。

37℃ にお け る 20個 の 試料の 弾 性率 の 値 は 小 さ い もの で

5．　77　×　10io　dynefcm2 ，大 き い も の で 1． 6× 10ii　dyne／

cme で あ っ た。各試料 の 弾 性 率 と試 料を作成した 歯牙 の

履歴 との 間に 明確 な相関は み られ な か っ た。

　　　　MKG に よる鈎歯の 挙動の 分析

第 1報 ，
MKG 記録の 特性な らび に そ の 修正

守川雅雄
＊

， 迫

取

九 州歯科大 学歯科第
一
補綴学講座

雅裕   城戸寛史
＊

， 豊田静夫
＊

， 小園凱夫
帥

　補綴物 を製作 す る 上 で 最 も重大 な 関心 事 は，そ の 補綴

物 に 最 適 な デ ザ イ ン を 決 定 す る こ と で あ ろ う。 と く に

パ ーシ ャ ル ・デ ン チ ャ
ー

に お い て は ， こ の こ とは不可欠

な 聞題 で あ る。こ の 問題 を解決 す る た め に 従来 か ら，パ ー

シ ャ ル ・デ ン チ ャ
ー

の 鈎 歯 の 機 械 的 な 挙 動 を分 析す る こ

とに よ っ て判定 し よ う とす る試み が ス トレ イ ン
・ゲージ

法 ， 光 弾性 法 ， 有限要 素 法，そ の 他 の 方 法 を用 い て な さ

れ数 多 くの 報 告 が あ る。しか し ，
い ず れ も三 次 元 的 な観

纏

九 州歯科大学歯科理 工 学講座

察が 困 難 で あ っ た り，物性 値 に 問題 が あ る な どの 難 点 が

ある。

　著者 らは ， 鈎歯 の 三 次元的な挙動 を分析 す る た め に

MKG を応用す る こ と を試み，今 回，その MKG の 特性 に

つ い て 検討 し た。そ の 結果，MKG の デ ィ ス プ レ ー上 に 表

示 さ れ る 運動記録 に は か な りの ひ ずみ が 生 じ る が ，近 似

的 な 補正 が 可能 で あ り，鈎歯 の 挙 動 の定性的な 観 察 に は

有効 な方 法で ある こ と が 判明 し た 。
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