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This study  was  performed  to find an  acceptable  internal adaptation  of  castable  ceramics  containing  mica  and  B-spodumene
crystals.  The influences of  factors, expansion  rate  of  phosphate-bonded  investment (A), anisotropic  expansion  (B), die-
coating  (C), shrinkage  during  crystallization  (D), and  interaction (AXB), and  {AXC) were  tested by  twice repeated  experi-

ments  under  block design according  to Ls<2)T orthogonal  array,  Estirnated mean  ranges  under  the conditions  combined  with

signifieant  factors were  judged by considering  the criteria  of  the ideal internal gap (about 50"m),
   The ideal marginal  fit of  less than  50"m  and  uniform  cernent  space  abeut  50,um around  the axial  wall  ceuld  be achieved
by a  combination  of  optimum  levels of  AiBiC2D2. However, the estimated  mean  gap  at  the cusp  tip and  central  fossa of
occlusal  inside by  this combination  were  about  120ptm. The  near  intolerable gaps  could  not  be reduced.
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               INTRODUCTION

Castable ceramics  have great merit,  because they  can

be completed  by relatively  simple  procedures such  as

the  lost wax  technique  and  crystallizing  heat treat-

ment  in esthetic  restoration  fabrication. They avoid

technical skill  and  difficulties. However,  it is a  fact
that  all  ceramic  restorations  are  of  questionable

strength  and  clinical  longevity for clinical  use  be-

eause  of  their brittle naturei).

   Good  internal adaptation  of  all  ceramic  restora-

tions was  required  for not  only  a  marginal  seal  or

exerting  retentive  force but also  for strengthening

ceramic  restorations  after  cementation.  However,
clinical  tooth  preparation forms  such  as  the degree of

facio-lingual curvature  of  the  cervical  margin,  the

occlusal  reduction  form, or  additional  retentive  fea-
tures and  clinical  crown  length had  more  of  a  ten-

dency to affect the magnitude  of  the marginal

opening  and  internal gap  than  a  simple  geometric ex-

perimental master  die form2L Hata et  al. developed
glass ceramic  containing  mica  and  B-spodumene crys-

tals (OCC) (Olympus Optico Co,, Tokyo, Japan)  for
dental use  in 1988. It revealed  about  O.4-O.7% cast-

ing shrinkage  and  O.8% shrinkage  by subsequent

crystallizing  heat treatment  of  the OCC  erown,  total
shrinkage  was  almost  1.5%. The  maximum  surfaee

roughness  of  about  30,um (R max.)  formed at  the

occlusal  inside where  cooling  of  the  glassy east  devel-
oped  at the slowest  region  in the mold,  and  occurred

bonding silica  in investment  and  glass3'4). A  thinner

eement  layer is more  desirable, however, the cement

space  over  30ftm  for the OCC  crown  was  required  to

advocate  the hitting internal surfaee  to the abutment
by the maximum  surface  roughness  and  to reduce

the elevation  by  interfering complete  seating  of the
crown.

   Phosphate-bonded  investment  expansion  has been
available  to compensate  for casting  high rnelting  ma-

terials, and  dilution of special  investment  liquid with

distilled water  has been available  to regulate  mold

expansion5}.  What  degree of investment expansion

was  adequate  to compensate  for OCC  shrinkage  of

casting  and  crystallization  and  to make  aceeptable  ce-

ment  space?  Uneven  expansien  of the investment ap-
peared in a cast  ring  in a  radial  direction and  long
axis  direction toward  the open  end  of the cast  ring.

It might  have produced  a  greater gap  in the occlusal

surface  with  the  amount  of wax,  and  this phenome-
non  might  introduce a  weak  point to the eastable  ce-

ramic  crown.  Was  it possible to reduce  the greater
gap  by ehanging  the  sprue  placement  and  orientation

of  the  wax  pattern in the east  ring  for this uneven

expansion?

   The  application  of  die-spacer has also  commonly

used  to achieve  a  loose fit with  adequate  cement

space  and  reduce  frictional fit. Two  to eight  layers
of  die-spacer from  20 to 40"m  covered  the axial  wall

to the axio-eervicaHine  angle  resulting  in a  deerease
in crown  elevation  and  an  increase in crown  retention

after  cementation6'7).  Was  it possible  to rnake  the

preferable  cement  space  using  selective  die-spacer
eoating  instead of  uneven  expansion?

   Therefore, the authors  concluded  that if the ce-

ment  space  could  be nearer  by  50ym  uniformly  at

the inside with  iess of  a  marginal  opening,  then  res-
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         toration would  be acceptable  for clinical  use  and

        could  improve the strengthening  of  the castable  ce-

        ramlc  restoratlons.

            To establish  the optimum  magnitude  of  the mar-

        ginal and  internal adaptation,  the  following factors

        could  affect  the dimensional accuracy  of  a  castable

        eeramic  crown;  1) adequacy  of  investment expansion

        to compensate  for the shrinkage  during  cast  and

        crystallization,  2) uneven  expansion  of  investment
        mold  in the  ring,  3) the  die spacer  coating  on  axial

        wall  for the adjusting  internal cement  space  and  4)

        the  degree of  the  shrinkage  by  crystallization.

            The  purpose  of  this study  was  to examine  the  ef-

        fects of  these factors on  the internal adaptation  and

        to determine how  to eontrol  these  factors while  at

        the same  time establishing  the optimum  eondition  for
        finding a  preferable internal fit of  the  eastable  ce-

        ramie  OCC  crown.

                 MATERIALS  AND  METHODS

        The  following were  considered  to be the  main  faetors

        which  influenced internal adaptation:  i) Specia] liquid
        eonsistency  of  phosphate  bonded  investment to water

        ratio  (factor-A), 2) difference between spuring  direc-
        tions  of  the  wax  pattern set  up  in a  cast  ring  for the

        nonuniform  expansion  of  the investrnent (factor-B),
        3) die spacer  coating  (factor-C) and  4) heat-
        treatment  of  crystallization  (factor-D). In addition,

        we  considered  there to be two-way  interaction be-
        tween  A  and  B, and  A  and  C (AXB, AXC),  These

        facters were  placed  in an  Ls(2)T orthogonal  array

        column  using  a  Linear graph8) in order  to analyze

         Table 1 Experimental cenditions

                                       level
Factor

OF  CASTABLE  CERAMICS

 the effects  of  these main  and  interactive factors on

 the  variation  of  gap at  different portions of the

 abutment  tooth. Among  these factors, heat treat-

 ment  was  a  routine  procedure, however,  this factor
 was  also  analyzed  to clarify  the extent  of  distortion

 by  making  a  comparison  between  as-cast  glassy and
 ceramic  crowns  before or  after  crystallization.  Eight

 kinds of  experiments  whieh  combined  four factors
 with  two  levels according  to Ls(2)7 orthogonal  array

 were  performed  in random  order  and  repeated  twice

 under  blocked design (Table 1, 2 and  Fig.1). Two
 wax  patterns were  made  for each  die, set  on  both

 ends  of  a  runner  bar in the  same  way,  invested in a
 ring  at  room  temperature  of  24(± 2)℃ , and  then

 cast.  A  total  of  32 samples  were  fabricated. The one

 with  less cast  defeets (bubbles, flash, defects, nodes,

 voids)  in each  pair was  used, so sixteen  crowns  wete

 used  as  study  samples.

 1, Dies

 A  right  second  premolar  epoxy  resin  tooth (Nisshin,
 Osaka,  Japan) was  prepared as  recommended  by
 preparation design fer all  ceramie  crowns91',  It in-
 cluded  an  approximately  1.2 mm  flat shoulder  along

 the crown-root  junction with  a  moderate  bucco-lingial
 cervical  curve.  It was  also  prepared  with  approxi-

 mately  8 degrees of  total convergence  of  the  axial

               IA

                                  7 6

    
Axg

 sAxC  6 ,e

  1

 30%Vertical

2

A: Censistency of  special

  liquid to water  ratio

B : Direction of  wax  pattern
C: Ceating of  axial  wall

D/ Crystallization
 non-Ceating

non-Treatment

  o%Horizontal

 CoatingTreatment

Table 2 Ls(2)T orthogonal  array  andcombination

B C
   2 4

Fig.1  Designing  factors to the Ls(2)7 orthogonal

     array  column  using  a  linear graph.  The num-

     ber  shown  in the ]inear graph is the array  cel-

      umn  number.

of  levels

Factor A BAXBcAXCe DCombination

olumm1 2 3 4 5 6 7 ofLevel"etPebitoeotLevei

1 1 1 1 1 1 1 1 AIBICIDI
2' 1 1 1 2 2 2 2 AIBIC2D2
3 1 2 2 1 1 2 2 AIB2CID2

4 1 2 2 2 2 1 1 AIBzC2Dl

5 2 1 2 1 2 1 2 A2BICID2

6 2 1 2 2 1 2 1 A2BIC2Dl
7 2 2 1 1 2 2 1 A2B2CIDI

8 2 2 1 2 1 1 2 A2B2C2D2
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wall  and  1.5 to  2.0 mm  occlusal  reduction.  The  metal

mold  was  made  from this master  die, and  then six-

teen  working  dies were  made  from  epoxy  resin.

2. Die  spacer  application

Die spacer  <Nice fit, Shofu, Kyoto, Japan) was  ap-

plied onto  the  axial  wall  of  the  die except  at  the

shoulder  and  occlusal  surface  as  shown  in Figure 2.
Silver and  gold colored  spacers  were  painted alter-

nately  after  a  layer coating  dried. Selective coating

was  performed  in the  following manner:  first of  all,

a  layer of  die spacer  was  painted around  the cervical

third, then different colored  spaeer  was  over-coated

to half of  the axial  wall,  and  finally two  layers were

applied  to all  of  the axial  wall.  As a  result,  the cer-
vical  third  of  the  axial  wall  was  coated  by  four lay-

ers,  the cervical-half  by three layers and  the occlusal

third  was  painted by  two  layers of  die spacer  (Fig.
2).
   The  first level of the die spacer  coating  factor
was  designed by non-coating  (Ci) and  the second

level was  the coating  application  (C2).

3. Preparation of waec  pattern fcLbrication
Complete  wax  patterns were  fabricated on  the dies

directly (coating and  non-coating),  A  split  silicone

putty mold  was  formed  (Labo silicone, Heraus Kulzer
GmbH,  Wehrkein, Germany) using  an  abutment

tooth overimpression  before preparation in order  to
regulate  the standardized  outline  form of  complete

wax  crown  for the die (Fig.3). After dipping the
die in molten  soft  wax  (Inner wax,  GC,  Tokyo,
Japan), the working  die was  seated  into a split mold
and'  molten  hard wax  (Gray inlay wax  medium,  GC,
Tokyo,  Japan)  was  poured  into the gap. The silicone

mold  was  compressed  by finger pressure and  held in

place with  a rubber  band until  cooling,  then removed

from the mold.  After leaving it for two hours at

least, the cervical  margin  was  eorrected  by the dual
wax  technique  with  finger pressure and  a  warm

beaver-tail burnisher to adjust  open  and  over  wax

margins  microscopically,  then  polished with  cotton

wool  soaked  in soapy  water.  The complete  wax

crown  was  put buck  again  in the  silicone  mold,  then
a  very  thin line was  drawn by needle  on  the buccal
and  lingual surface  of  the crown  along  the juncture
of  the mold  representing  the center  of  the medio-

distal plane. Two  small  dimples by  a  #1  steel round

bar on  the buccal surface  and  a  same  dimple or  wax

knob  on  the  lingual site  were  made  on  the center

line. A  tapered sprue  about  2 mm  in length and  a

1.5 mm  diameter tip with  3.2 mm  casting  wax  was

attached  to near  the buccal cusp  and  coil  vent  with

1,O mm  casting  wax  to the opposite  side  near  the cer-

vical  margin  on  the  lingual surface.  Both sprue  and

vent  were  also  on  the mid  line. The dimples, knob,
sprue  and  vent-sprue  were  available  as  guides of  cut-

ting direction (Fig.4),

Fig.2Seleetive  die

axial  wall.spacercoatlngmethod

 on  the

Fig.3Prepared  abutment  tooth  and  the

for wax  crown  fabrication.

Fig.4

silieonemold

Complete wax  crown  and  spuring  direction.

Left picture shows  vertical  direction (Bi) set

up  and  right  is horizontal (B2). The dimples,

wax  knob, sprue  and  vent  were  on  the  center

of  the  mdio-distal  plane  and  used  the guides
for  the sectional  plane.
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        Table 3 Manufacture's report  on  expansion  at  various  di-

               lution conditions  of  special  investment liquid (liq-
               uid  17 cc/powder  IOO g)

FABRICATING  CONDITION  OF  CASTABLE  CERAMICS

water  ratio

   2:1  1:1

O.91.1 O.8LO

4. 0rientation of wax  pattern  in the ring

Two  spurring  methods  were  compared  in order  to

consider  the influence of  anisotropie  expansion  of  the
investment  as  a  factor. One was  the vertical  plaee-
ment  of  the long axis  of  the crown-directed  parallel
(Bi), and  another  was  at about  a right  angle  to a

sprue  (B2> in the ring  as  shown  in Figure  4.

5. fizvestment

To adjust  the mo}di  expansion  of the phosphate-
bonded  investment  (Univest free, Shofu, Kyoto,

Japan) to adequately  compensate  for casting  and

crystallizing  shrinkage,  two  consistencies  of the spe-

cial  liquid to distilled water  ratio  were  designed, with

30%  (Ai) water  contained  and  undiluted  special liq-
uid  (A2), but the overali  liquid/powder ratio  re-

mained  constant  (24 cc/140g).  The relation  between
liquid/powder proportion and  expansion  (setting and

thermal) in this study  is listed in Table 3 with  the
manufacturers'  report.

   The  wax  pattern was  painted vacuum  mixed  in-
vestment  (Vacuum Mixer, Morita  Corp,, Osaka,

Japan)  with  a  small  brush to prevent trapped air

bubbles, then investment was  poured  into the ring.

A  ring  liner of  1.0 mm  thickness (Kaoliner, GC  Co
Ltd, Tokyo, Japan) coated  with  white  Vaseline was

placed inside of a  stainless  steel  cast  ring  (43 mm  in

diameter  and  60 mm  in height).

6. Casting and  divestment
After being bench set overnight,  the  rings  were

heated to 80e℃ 20℃/min during the burnout process,
kept at this temperature  for a  hour, then  cooled

down  to 480℃  10℃/min, and  held for a  half an  hour
at  this temperature. Melting  and  casting  of  castable

glass materials  of  OCC, composed  of  Li20, MgO,
ZnO,  Ti02, Na2SiF6, A1203, Si02 and  trace metal  ox-

ides as  stain2),  was  done automatically  by a  computer

controlled  motor-driven  casting  maehine  (Chuta,
Olympus, Tokyo, Japan). Casting rings  moved  into
a  480℃ furnace again  immediately  and  held for five

minutes  for annealing,  then allowed  to cool  on  a

bench,
   The ring  was  divested and  the  cast  glass crowns

were  blasted by 50"m  glass  beads under  two  to three

air  pressures. Any  internal minute  bubbles of  glass

in the cast  crown  and  excess  rnarginal  flash if would

be present,  they were  removed  by a  #2  round

carbide  bar and  fme  carborundum  bar with  special

care  microscopically,  then they were  ultrasonically

cleaned  in distilled water  for ten minutes  (Ultra
Sonic Cleaner, Shofu, Kyoto, Japan), One group  of

cast  crowns  (eight crowns)  was  subjected  to the
crystallizing  process (D2) and  another  remained  as

cast  glassy crowns  (eight crowns,  Di),

7. Mbasurement of the marginat  and  internal adopta-
tionEach

 cast  glass crown  and  ceramic  crown  after  the

crystallizing  process were  placed  onto  their original

dies individually and  fixed by  eyanoacrylate  cement

(Dental Cyanon, Koatsu Gas Kogyo Co. Osaka,
Japan)  while  being hold with  finger pressure. They

were  embedded  in a  translucent pored  resin  (Pala
Press, Heraus  Kulzer GmbH,  Wehrkein,  Germany)

and  sectioned  in the central  medio-distal  plane  by a

rotational  cutting  machine  (Isomet, Buehler, Illinois,

USA)  aiong  guides.  All longitudinal seetions  were

adjusted  to the cutting  surface  to including the previ-
ous  described guiding  points,  and  wet  polished se-

quentially to #800 using  emery  paper.

   The  marginal  and  internal gaps at  9 selected

points on  the polished sections  were  measured  using

a  digital high definition microseope  (Digital Micro-

scope,  VH-7000, Keyence, Osaka, Japan) under  100×

rnagnifieation.  The  9 selected  points were  as  follow-

mg:  
･

1 and  9: Vertical marginal  gap  from  buccal and  lin-

       gual finish line to O.2 mm  internally on  the
       shoulder.

2 and  8: Internal gap at both axio-cervical  line angle
3 and  7: Internal gap at the  mid-point  of  both axial

       walls

4 and  6: Internal gap at the buccal and  lingual cusp

       tips

5 :Internal  gap at the central  fossa

   The  measurements  were  repeated  three times for
each  point on  every  crown,  and  measured  values  at

both sites  were  averaged  and  used  as  combined  data
at each  portion (Fig,5).

8. Statistical analysis

The  linear model  whereby  the mean  response  at  the

levels of  A, B, C, and  D  was  considered  the follow-
ing;

   Y=y+"R+xiA+#B+yAB+gC+"AC+yD+e

      +e(ABCD)

 (Y: experimental  data; pt: grand  mean;  "A,  
,"B,

ptC, ptD: main  effect  of  A, B, C, D; AAB,  "AC:  in-
teraction effeet of AXB,  AXC;  r!R: main  effect  of

block (repeat); e: primary  error;  e(ABCD):  seeondary

error)

   The  variance  of  primary  error  (experimental
error)  was  estimated  in the 6th column  of  orthogo-

nal  array  (Fig.1 and  Table 1, 2) and  seeondary  error
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Fig.5 Schematic drawing of  measuring  peints to

     evaluate  internal gap.

(variance within  class  of  measurement  error)  was

also  calculated  by being twice replicated.  If no  dif-
ference existed  between  the first and  secondary  error,

they  were  pooled,  and  used  as  overall  error.

   Analysis of variance  (ANOVA) was  performed
to find which  main  and  interactive factors affected

internal adaptation  statistically  between variables

with  a  significance  level of  p=:O.05, and  an  additional

associated  significantce  level of pttO.10.  The estima-

tion of  the gap  at  each  portion was  computed  by  the

combination  of significant  factors at the two  levels.
The  optimum  condition  was  judged where  these fac-

tors combinatiens  would  range  within  ideal criteria.

                  RESULTS

The following results  were  obtained  from ANOVA.
The  Figure 6 (aNe) represents  the estimation  of ef-

fects of  significant  factors and  the Figure 7 (a-d)
shows  the estimated  mean  of combined  significant

factors at  each  portion.

1, At  the margin

The  variance  of  marginal  opening  attributed  to the
crystallizing  process (D; p=O,023, p=23.0%:  Di=24

(± 8) sim, D2=37( ± 8) ym),  and  two-way  interaction
between degree of  distilled water  ratio  and  spuring

direction (AXB; p=O.O17,  p=24.9%:  AiBi =24( ± 11)
"m,  AiB2=32( ± 11)gm,  A2Bi=43( ± 11)ym,  A2B2=23

(± 11) ym).  In addition,  the coating  on  axial  surfaee

aeted  as  an  associated  significant  factor (C; p=O.081,
p 

==9.3%).  The  coating  (C2) had  a  tendency  of re-

duce marginal  gap. The  estimated  mean  was  26(± 8)
"m  eompared  with  35sim for non-coating  (Ci). The
other  main  and  interaction factors were  not  signifi-

cant  (A: p==O.32; B: p=O.30;  AXC:  p==O.68;  R:

p=O.72).  The less the gap  of  ceramic  crown  after

the crystallization,  the more  desirable this portion,
therefore  the  optimum  condition  could  be determined
to combine  the least factors-level (Fig. 6-a).

   As  a  result,  the  marginal  opening  showed  the

least under  the condition  of  A!BiC2D2 (almost same

A2B2C2D2).  The  mean  of  the optimum  combination

of  AiBiC2D2 was  estimated  at  25(± 13)ym, that of

A2B2C2D2  was  25(± 13)"m  (Fig. 7-a).

2. At  the  axio-cervical  line angle

The  ANOVA  results  indicated that C-factor of  the

die coating  (p=O.OIO and  p 
:=17%:

 Ci=:46C± 14) ptm,
C2=74( ± 14)Am)  and  D-factor of  the crystallizing

proeess (p=O.OO04 and  p=53%:  Di==85(± 14)ym, D2=
35(± 14) 

,ttm)
 influenced the internal gap at  the  base

of  the axial  wall.  The other  main  and  interaction
were  no  significant  (A: p=O.16;  B: p=O.11;  AXB:

p=O.68; AXC:  p==O.36; R: p=O.29). The  differenee of

internal gap (DiJD2) by shrinkage  during the crystal-

lizing process was  estimated  50(± 20) ptm.  And  the

difference by coating  (C2-Ci) was  29C± 20) ptm (Fig.
6-b).

   The mean  of  the combination  of  the significant

factor-level of  CiD2, and  C2D2  were  estimated  2I(±

17)"m  and  49(± 17),um, respectively.  However,  the

criteria of the optimum  gap was  decided to be 30 to
50xim, the combination  of  CiD2  that it was  possible
to hit inside. The die coating  could  be a  closer  opti-

mum  value  (Fig. 7-b).

3. At  the  nzid  points of the  axial  wall

The factors whieh  infiuenced the internal gap at  the
cervical  half of  the axial  wall  were  D-factor
(p=O.OO02 and  p=59%:  Di=120( ± 15)"m,  D2=60

(± 15) stm), C-factor (p=O.O09 and  p=15.4%:  Ci=74
(± 15)ym,  C2=106(± 15)gm),  and  B-factor of  the

spuring  direction was  associated  (p=t:O.054 and  p 
=6,O

%:  Bi=:79(± 15)"m,  B2=101( ± 15)ptm). The  other

main  and  interactive factors were  not  significant  (A]
p=O.45; AxB:  p=O.44; AxC:  p=O.30; R: p=O.76).

Concerning the estimated  internal gap differenee be-

tween  the levels at each  significant  factor, erystalliza-

tion (Di-D2) was  61( ± 22)"m,  the coating  (C2'Ci)
was  32(± 22) ptm and  the investment direction (B2-B])
was  22(± 22)ym  (Fig, 6-c).

   After the crystallization  process,  the estimated

mean  of  the combinations  of  the significant  factor-
levels increased as  fol}ows:

" (BiCiD?) 
=33( ± 22) Itm<  pt (B2CiD2) =  54(± 22) ptm

#  
,u
 (BiC2D2) =65 ±  (22) rim<  pt (B2C2D2) =86 ±  (22) um

   From  this result,  the  combination  of  BiCiD2  was

the least gap,  ranging  from 11 to 55Am, however,
this value  indicated the tendency  for interference of

the  seating  crown.  The  combination  of  B2C2D2 was

also  greater than  the ideal criteria,  The  eombination

of  B2CiD2 or  BiC2D2 fit the  criteria,  varying  by  32-
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87ym  However, it was  easy  for B2 of  the  horizontal
spurrmg  direction to lead to an  air  bubble trap so

the BiC2D2  combmation  could  be ludged  as  the  opti-

mum  condition  rangmg  from 43 to 87#m  (Fig 7 c)

4 At the cusp  ttp
The mternal  adaptation  at  the cusp  tips had the
largest gap, the same  as  at  central  fossa The  esti

mated  mean  of 123"m  was  found after  crystalliza

tion  The  factors which  influenced  the  internal  gap
at  the  cusp  tip were  Dfactor  (p=:OO06 and  p=35%
Dr=180(± 25) "m,  D2= 123(± 25) "m),  the mteraction

AXC  (p==O033 and  p=16%  AiCi==119( ± 36)gm,

AiC2=168( ± 36)pm,  A2C,=175( ± 36)"m, A2C2=144
(± 36)Am) The mteraction  AXB  (p=O053 and  p  ==

12%  AiBi=127( ± 36)gm,  AiB2t=161( ± 36)#m, A2Bi:=
178(± 36)"m, A2B2=:141(± 36)ym) acted  as  an  asso

ciate  factor The  mam  factors of  A, B, C and  R

were  not  sigmficant  (p=03, p=09,  p=05,  p=04,
respectively)  The  difference of  the gap  by  crystalh

zation  (Di D2) was  57(± 36) ptm The mmimum  gap

of  mteraction  AXB,  AiBi, was  127(± 36)"m  and  the

maximum  gap  was  obserbed  m  A2Bi, 178(± 36) ptm
Also, the effect  of  the interaction  AXC,  the mini

mum  gap, could  be seen  m  the  combmation  of  AiCi
and  the  maximum  gap m  A2Ci, bemg  119(± 36) ptm
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and  174(± 36)Am, respectively  (Fig.6-d).
   After crystallization,  the increased order  of  the

estimated  mean･of  the combination  of  significant  fac-
tor-levels was  as  follows:

   AiBiCiD2(==74ym)<A2B2C2D2(==97ym)#AiB2CiD2

(=107"m)<AiBiC2D2(=123ym)XA2B2C,D2(=128Am)
#A2BIC2D2(==134"m)<AIB2C2D2(:=156"m)#A2BICID2

(=164"m), varying  from 28 to 200ym.  The  combi-

nation  of  AiBiCiD2  or  A2B2C2D2 was  the closest  to
the criteria.  The mean  gap  of  AiBiCiD2  and  A2B2C2D2
was  estimated  at 74(± 47)"m  and  97(± 47)ym, re-

spectively  (Fig.7-d). However  the  condition  of  B2,

horizontal spuring,  had a  tendey  to produce a  bubble
trap, so  it is better to avoid  this technique.

5, At  the central  fossa
The  internal adaptation  at  the  central  fossa revealed

the largest gap, with  an  estimated  grand  mean  of

177Am.  The  ANOVA  table indicated that  only  A-

factor significantly  affected  gap  production (p=O,O18
and  p=3896).  The  other  main  factors of  B, C, D, R
and  the interaction of  AXB  and  AXC  were  not  sig-

nificant  (p;O.8, p=O.15, p=O.96,  p=O.91,  p=O.88,

p=O.40, respective}y).  The  mean  of  A] and  A2 were

estimated  at 122(± 61.3)"m and  232(±61.3) 
,um,

 re-

spectively,  Ai  demonstrated  smaller  gap, but it indi-

cated  intolerable gap  value  (Fig. 6-e).

                DISCUSSION

1. About  methods

Since different shrinkage  rates  of  glass  ceramics  de-
pending  on  the growth  of  individual crystals  during

crystallization  were  observed,  many  studies  on  the
interna] adaptation  of  developed castable  ceramics

have been reportediO-i3). In this study,  we  dealt with

the fabricating methods  to get optimum  internal fit
of  the OCC  castable  eeramic  crowns  eontaining  mica

and  B-spodumene crystals.  Three compensating  ex-

pansion factors for the casting  and  crystallizing

shrinkage  were  considered  to detect which  factors
were  significant  and  which  combination  of  !evels gave
the optimum  condition  compared  with  the criteria  of

the characteristic  value  of  gap  using  the orthogonal

array  of Ls(2)7. Sinee sixteen  experiments  according

to the Ls(2)7 orthogonal  array  were  performed  with

twice replication  of  the block design, two  levels of

each  factor have been given eight  data. It corre-

sponds  to 32 experiments  of  the  full model  of

ANOVA.  However, it could  not  negate  the fact to
have  demerit as  this  method  was  factorial fractional

design. Only one  column  of  error,  therefore one  de-

gree of  freedom  of  error  varianee  is responsible  for

reducing  the sensitivity  of  the test. In order  to over-

come  this short  coming,  pooling of  the error,  and  the
ordinary  5%  Ievel of  the  significant  factor and  the

IO% level were  considered  an  associated  factor.
   It has been recognized  that the dilution of  special

Table4  The mean  gap

       (Factor A)(,um)

 by the effect  of

A2

 33

AIDI

 19

dilution

A2Dl

  28

liquid by  water  was  a  very  effective  method  for re-

ducing the expansion  rate  of  the phosphate-bond  in-
vestmenti"-]6).  To anaiyze  the effect  of  speeial  iiquid
dilution, the  mean  values  of the experimental  data of

Ai, A2 (each eight  data) and  the combination  of AiDi,
A2Di  (each four data), allocated  in the orthogonal

array  were  compared  in Table 4. It might  be sug-

gested that  the  undiluted  condition  of  A2 indicated a

slightly  greater tendency,,but a  significant  difference
was  not  detected except  at the central  fossal Even
the Ai condition  eould  give enough  compensation  for
casting  shrinkage  around  the axial  wall,  and  also

might  allow  crystallizing  shrinkage,  eonsidering  that
their  estimated  mean  of  (Di-Dz) was  almost  50#m.
The  discrepancy, O.3%, of total expansion  (setting
and  thermaO  between Ai and  A2 (indicated in Table
2) might  be included within  the error  at margin  and

axial  wall  in this experiment.  However, significant

interaction between  A  and  B, and  A  and  C could  be
recognized  at  the margin  and  the cusp  tip.

   The  internal gap  increased gradually  as  the ver-

tical dimension  was  larger from  the margina]  region

to the occlusal  surface,  and  the largest gaps  were  ob-

served  at  the central  fossa as  well  as  cast  metal

crownsi7}  or  any  other  castable  ceramic  crownsiO'i3).

For this reason,  a  selectively  localized application  of

die spacer  coating  in this study  might  be effective  to

adjust  the  dimensional change.  The  thickness  of  die
spacer  applied  on  a  polished epoxy  plate in four lay-

ers was  about  30Am  in this experiment,  so  about  a

7N8"m  thiekness could  be adjusted  directly for every

one  layer of coating.  The reason  the thicker die
spacer  for the second,  third and  fourth layers coated

gradually closer to a axio-sholder  line angle  was  to
compensate  for the tapered phenomenon  as  cast  and

to make  up  uniform  cement  space  around  the  axial

plane.

   The influence of  the  anisotropic  expansion  was

also  tested  by variations  in the  investing wax  pattern

direction for reducing  the large gap  at  the occlusal

inside5･iS-20). In this study,  no  air bubbles on  the
inner surface  were  observed  in 16 cast  crowns  which

were  set  on  a  horizontal spuring  direetion, however
this investment  method,  that  the  position of  the  pat-
tern be mounted  rectangularly  on  the sprue,  is not

recommended  for clinical  use  because of  increasing
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amount  of  trapped  air  bubble. It is better to avoid

this technique.

2. About  Results

It was  agreed  that a  marginal  gap of less than  50

"m  was  elinically  acceptable  for cast  gold restoration

from the viewpoint  of  film thickness of luting ce-

ments  and  the  difficulty to achieve  this range2i-2S).

In this study,  marginal  discrepancy could  be achieved
to satisfy  this agreement  by  using  every  combina-

tion. Interaction of  A  and  B  (AXB) was  significant

and  coating  factor of C  was  the associated  factor at

the cervical  margin.  The mean  of  the combined  lev-
els  AiBiC2 at the optimurn  condition,  26(± 13.4) /im,
was  fully acceptable.

   The die coating  was  a significant  factor in the

region  of  the axio-shoulder  line angle  where  the

crown  hit and  prevented complete  seating.  The mean

of (C2'Ci), about  30"m,  at  the line angle  and  the

mid-point  of  the axial  wall  was  estimated  to be al-

most  the same  thickness of  the four coated  layers.

The  mean  of  CzD2 was  49(± 17.4) ptm  at  the optimum

condition,  which  fiL our  criteria. In other  hand, non-

coating  of  CiD2 varied  from 3 to 38ym  at  the axio-

cervical  line angle,  It has a  tendency  to hit the

inside or  to be a  tight fit. The die spacer  coating  at

the axial  wall  eould  be an  effective  technique  to de-
crease  the marginal  opening  and  making  loose fit,
   Expansion by different spuring  directiens acted

as  an  associated  significant  factor at  the  cervical  half
of the axial  wall.  Actually, this study  shows  that
the  estimated  mean  of  B2 was  slightly  larger than

that of  Bi as  shown  in Figures 6 and  7. The discrep-
ancy  between  B2 and  Bi, "(B2-Bi) might  be 21,um,

similar  to three layers of  die spacer  coating  on  the
axial  wall.  The  mean  of  the  combination  of  BiCiD2

was  estimated  to be 33(± 21.9)"m, and  the lower
limit of  mean  did not  fit our  criteria.  The  estimated

means  of  B2CiD2 and  BiC2D2 were  54 and  65gm, re-

spectively.  The  values  were  closer  to  the  criteria  and

in a  decidedly acceptable  range.  The  factors on  ex-

pansion (coating and  spuring  direction) acted  as  in-
teractions AXB,  AXC,  indicating same  results  at  the

margin  and  eusp  tip as  shown  in Figures 6-a,d and  7-
a,d.  Given the  phenomenon  of  AiC2>A2C2  and  AiB2

>A2Bz  at  cusp  tip, it was  eonsidered  that the effect

of  diametric expansion  appeared  and  might  have  im-

proved  to loose fit at  the axial  wall  as  well  as  Ci>
C2 of  the marginai  gap. However,  this explanation

could  be inadequate  to explain  why  AiB] and  AtCt oc-
curred  at  same  time and  were  the least among  the
combinations.  And  at  the  central  fossa, B-factor was

not  significant.  There may  have been an  effect  of

anisotropic  casting  shrinkage  by  the  restraints  of  in-

vestment  in the crowns.  As the die coating  method

could  compensate  for different spuring  direetions and

avoid  the  air  bubble trap,  the coating  would  be pre-
ferred clinically.
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   The  cusp  tip and  central  fossa regions  in the

inner occlusal  surface  had  a large gap, with  mean

values  were  about  120ym.  The range  was  hardly ac-
ceptable.  The factor of investrnent expansion  influ-

enced  greatly at  these regions  and  perhaps more

dilution of special  liquid with  water  was  necessary  to

reduce  the expansion.  The  use  of  die coating  on

axiocervical  could  also  be adapted.

   The ideal less marginal  fit and  the  uniform  ce-

ment  space  about  50"rn around  the axial  wall  could

be achieved  by the  combination  levels of  AiBiC2D2.

                CONCLUSION

This study  was  performed to find the optimum  con-

dition for fabricating castable  ceramic  crowns  with

preferable internal adaptation.  The influence of

shrinkage  factor (D) during  the  crystallizing  process
and  three compensating  factors for it, expansion  rate

of  phosphate bonded investment (A), no  uniform  ex-

pansion by  different spuring  directions (B), die-

coating  (C) and  their interaction factors (AXB), and
(AXC) were  tested  by twice  replicated  experiments

under  block design according  to Ls(2)7 orthogonal

array.

   The following conclusion  are  offered:

 1. Marginal  fit was  affected  by  the  expansion  of  in-

vestrnent  (AXB, p=O,O17, p=25%).  In addition,

the die coating  acted  as an  associate  significant  fac-
tor (p=O.081, R=9.3%).  The  optimum  condition

was  AiBiC2, and  estimated  mean  of the combination

of  the  optimum  levels of  AiBiC2D2  was  26(± 13.4)ym.

2. A  cement  space  at  the axio-cervical  line angle  was

influenced by  coating  (C: p=O,OIO, p=16,896).  Also,

the coating  (p=O.O09, p=15.4%)  and  spuring  direc-
tions  (B: p=O.054,  p=6%)  was  associate  significant

at  the mid  point of  the axial  wall.  Die coating  tech-

nique  could  adjust  the  cement  space  directly and  se-

lectively.
3. The  ideal marginal  fit and  a  uniform  cement

space  about  50 ptm  around  axial  wall  could  be

achieved  by the combination  levels of  AiBiC2D2.
4 . The  estimated  mean  gaps  under  the  optimum  con-

dition of  BiC2D2 revealed  acceptabie  range  of  49(±
17.4) "m  at  the  axiocevical  line angle  and  65(± 21.9)
"m  at  the mid  point of  the  axial  wall.

 5. The  estimated  mean  of  the  gap  at  the cusp  tip
and  central  fossa of  the oeclusal  surfaee  were  about

120"m. The barely acceptable  gaps  could  not  be re-

dueed by  the combinations.  It is suggested  that

more  dilution of  the special  liquid with  water  was

necessary  to recluce  the expansion  at  the oeclusal  sur-

face.
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