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Description 

This  invention  relates  to  a  method  for  the  fabrica- 
tion  of  full  or  partial  dental  restorations,  including  ve- 
neers,  crowns,  inlays,  onlays,  and  bridge  structures, 
hereinafter  referred  to  as  dental  restorations,  as  de- 
fined  in  the  preamble  of  Claim  1.  Such  a  method  is 
disclosed  in  FR-A-2  291  736. 

The  invention  utilises  the  technique  of  flame 
spraying  to  produce  a  relatively  dense  basal  layer  of 
a  technical  ceramic  based  layer  which  firstly  acts  as 
a  permanent  form  upon  which  porcelain  can  be  ap- 
plied  in  order  to  yield  ultimate  aesthetics  of  the  restor- 
ation,  and  which  secondly  serves  to  strengthen  the 
restoration  and  provide  a  means  for  bonding  the  re- 
storation  to  a  prepared  tooth  in  which  the  contribution 
made  by  the  mechanical  bonding  mechanism  is  en- 
hanced. 

The  invention  overcomes  the  problems  of  shrink- 
age  and  subsequent  loss  of  fit  traditionally  associated 
with  the  application  of  technical  based  ceramic  ma- 
terials  to  produce  custom  made  dental  restorations. 

Ceramic  materials  in  the  form  of  porcelains  have 
been  used  and  developed  since  the  turn  of  the  cen- 
tury.  For  example,  in  1900  Ernsmere  reported  that 
Charles  Land  had  developed  a  technique  of  fabricat- 
ing  jacket  crowns  on  platinum  foil  matrices  utilising 
porcelain  as  a  restorative  material,  and  although 
these  original  all-porcelain  jacket  crowns  were  con- 
sidered  to  be  aesthetically  acceptable,  they  were 
weak  in  tension  and  flexion  and  were  thus  prone  to 
breakage  during  clinical  service.  In  an  effort  to  over- 
come  this  problem,  much  of  the  development  of  den- 
tal  ceramics  has  addressed  itself  to  the  need  to  in- 
crease  the  strength  of  dental  restorations  in  order  to 
provide  adequate  clinical  performance. 

Advances  in  dentine  and  enamel  bonding  resin 
technology  have  led  to  the  possibility  of  applying  den- 
tal  restorations  of  thinner  sect  ion,  thus  increasing  the 
need  for  greater  inherent  strength  in  restorations. 

In  order  to  enhance  the  strength  of  dental  restor- 
ations,  it  has  been  common  practice  to  employ  the 
ceramo-metal  technique.  United  States  Patents  Nos 
3  052  982  and  3  052  983  to  Weinstein  et  al  disclose 
specific  compositions  and  fabrication  conditions  of 
porcelains  for  bonding  to  metals,  and  the  United 
States  Patents  Nos  3  819  366  and  3  961  420  to  Katz 
and  Tuccillo  respectively  both  disclose  details  of  cer- 
amo-metal  dental  restorations  incorporating  gold, 
palladium,  silver,  and  improved  white  gold  alloys  re- 
spectively.  The  ceramo-metal  technique  has  tradi- 
tionally  been  employed  for  use  with  crown  and  bridge 
type  restorations,  and  although  such  restorations  dis- 
play  satisfactory  strength  properties  they  have  the 
disadvantage  that  they  cannot  be  taken  to  be  conser- 
vative  of  tooth  tissue;  also,  they  require  the  use  of 
opaque  porcelain  to  mask  out  the  underlying  metal 
structure. 

Japanese  Patent  No  81  014295B  to  Sumitomo 
discloses  the  plasma  spraying  technique  for  use  in 
the  manufacture  of  dental  crowns,  but  it  is  noted  that 
the  disclosure  in  the  Sumitomo  patent  involves  the 

5  application  of  metallic,  metallic-ceramic  mixtures  and 
technical  based  ceramic  materials  in  the  masking  out 
of  a  metallic  substructure  prior  to  the  application  of 
dentine  and  enamel  porcelains.  The  technique  repre- 
sents  a  substitution  of  these  materials  for  the  opaque 

10  porcelain  layer.  The  present  invention  represents  the 
use  of  the  flame  spraying  technique  to  form  a  basal 
layer  of  a  technical  ceramic  based  layer  alone  which 
ulti  mately  exists  as  a  structure  in  its  own  right  and  not 
as  a  coating  on  a  metal  substructure  or  substrate. 

15  French  Patent  No  A2  291  736  to  Ganzo  discloses 
the  plasma  spraying  technique  which  uses  a  flame 
temperature  in  excess  of  20,000°C,  to  form  an  alumi- 
na  (95%)  base  layer.  The  critical  deficiency  in  the 
process  route,  however,  is  the  necessity  to  remove 

20  the  formed  base  layerfrom  the  target  model/support, 
prior  to  the  high  temperature,  extended  time,  heat 
treatment  process  (>  1700°C,  4  hours  over  a  24-30 
hour  furnace  cycle).  The  use  of  such  a  high  heat 
treatment  temperature  indicates  that  a  solid-state 

25  sintering  mechanism  is  used  to  densify  and  strength- 
en  the  alumina  ceramic  base  layer.  The  associated 
shrinkage  and  loss  of  shape  during  sintering  of  the  un- 
supported  base  layer  means  that  it  is  necessary  to  re- 
shape  the  shell  base  layer  following  heat  treatment 

30  with  diamond  tools.  The  method  thus  displays  little 
advantage  over  the  fabrication  of  ceramic  preforms 
manufactured  by  a  traditional  powder  metallurgy 
route  as  disclosed  in  European  Patent  No  AO  375  647 
to  Bergstigen. 

35  World  Patent  No  A90  06733,  which  is  a  prior  art 
in  terms  of  Art.  54(3)(4)  also  discloses  the  use  of  plas- 
ma  spraying  to  produce  a  'partially  melted'  base  layer 
of  Zirconia.  No  post  plasma  spraying  heat  treatment 
is  used  to  densify  and  strengthen  the  Zirconia  base 

40  layer  itself  prior  to  the  application  of  the  traditional 
porcelains.  In  order  to  improve  the  strength  of  the  re- 
storation,  a  variation  of  the  disclosed  invention  de- 
scribes  the  addition  of  a  ceramic  fibre  reinforced  sil- 
icate  material  which  overlays  the  Zirconia  base  layer 

45  to  produce  a  stronger  laminar  structured  support. 
Thus  the  basal  Zirconia  layer  does  not  control  the 
strength  of  the  final  restoration.  Both  methods  re- 
quire  that  several  intermediate  opacious  porcelain 
layers  are  added  prior  to  the  application  of  the  aes- 

50  thetic  porcelains,  to  overcome  thermal  expansion 
mismatch  problems.  The  necessity  to  add  these  opa- 
cious  porcelains,  however,  compromises  the  aesthet- 
ics. 

In  1968,  United  Kingdom  Patent  No  1  105  111  to 
55  McLean  et  al  proposed  that  improvements  in  the 

strengths  of  porcelains  themselves  could  be  afforded 
by  the  introduction  of  aluminous  porcelains.  This  rep- 
resented  the  introduction  of  the  technical  ceramic 
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based  material  Alumina  as  a  strengthening,  particu- 
late  second  phase  into  a  porcelain  matrix.  Such 
strength  improvements,  however,  have  not  been  suf- 
ficient  to  allow  the  manufacture  of  dental  restorations 
such  as  posterior  crowns  and  bridges.  McLean  et  al 
subsequently  disclosed,  in  United  Kingdom  Patent 
No  1  483  362,  a  method  for  improving  the  strength  of 
dental  crowns  by  the  bonding  of  a  platinum  foil  to  the 
inner  fitting  surface  of  the  aluminous  porcelain,  but 
this  method  is  not  at  all  suited  to  the  fabrication  of 
aesthetically  acceptable  thin  sections  due  to  the  nec- 
essity  of  masking  out  the  metal. 

More  recently,  United  States  Patent  Nos  3  732 
087,  4  189  325,  and  4  515  634  to  Grossman,  Barret 
et  al,  and  Wu  respectively,  introduced  systems  utilis- 
ing  glass-ceramic,  and  United  States  Patent  No  4  265 
669  to  Starling  et  al  introduced  a  system  utilising  a 
non-shrink  ceramic,  but  such  systems  have  not  been 
widely  accepted  and  commonly  have  had  problems 
associated  with  aesthetics,  particularly  where  in-situ 
alterations  have  to  be  conducted  involving  the  remov- 
al  of  surface  stain/glaze  areas. 

Afluormica  based  glass-ceramic  material  known 
as  DICOR  has  been  used  to  form  a  basal  layer  in  the 
manufacture  of  a  WILLI'S  crown,  but  the  strengths  of 
such  glass-ceramic  materials  are  only  equivalent  to 
the  aluminous  porcelains  above  referred  to.  Decreas- 
es  in  strength  are  also  known  to  occur  if  the  surface 
layer  of  crystallisation  is  removed  or  damaged.  For 
these  reasons,  such  materials  are  not  thought  to  be 
suitable  for  use  in  the  manufacture  of  acceptable  thin 
sections. 

Methods  have  been  disclosed,  for  example  in 
United  States  Patent  No  4  473  353  to  Greggs  and  in 
United  States  Patent  No  4  579  530  to  McLaughlin,  for 
the  manufacture  of  a  thin  section  all-porcelain  veneer 
type  restoration  to  cover  anterior  teeth.  The  patent  to 
Greggs  discloses  the  application  of  porcelain  onto  a 
platinum  foil,  and  the  patent  to  McLaughlin  discloses 
the  application  of  porcelain  onto  a  suitable  refractory 
investment  model,  and  whilst  such  thin-section  all- 
porcelain,  veneer  type  restorations  are  finding  in- 
creasing  application,  they  do  however  suffer  from 
breakage  on  placement  due  to  their  relatively  low 
strength. 

The  disclosure  by  Faunce  in  his  United  States  Pa- 
tent  No  3  986  261  of  the  use  of  a  pre-formed,  fully 
polymerised,  plastics  material  as  a  veneer  facing  with 
uniform  colour  throughout  its  sectional  thickness  has 
been  improved  somewhat  more  recently.  In  this  more 
recent  diclosure,  United  States  Patent  No  4  433  959 
to  Faunce  allows  for  the  lamination  of  the  veneer  fac- 
ing  using  other  resins,  glass,  and  ceramic  or  glass- 
ceramic  resin  composite  materials,  or  combinations 
thereof,  to  afford  aesthetics  which  more  closely 
match  normal  human  tooth  tissue.  Further,  the  dis- 
closure  refers  to  the  laminar  structure  having  an  out- 
er  layer  which  is  dense  and  relatively  hard  in  order  to 

prevent  the  discolouration  which  is  associated  with 
relatively  porous  polymers,  whilst  the  inner  layer  is 
less  dense,  porous  or  cellular  in  structure,  in  order  to 

5  promote  efficient  bonding  to  the  labial  surface  of  the 
tooth.  This  inner  surface  or  layer  in  one  form  can  be 
manufactured  by  the  electrostatic  spraying  of  micro- 
crystalline  particles  which  are  subsequently  sprayed 
with  one  or  more  layers  of  resin  which  f  low(s)  around 

10  the  particles  to  form  a  smooth  surface. 
The  present  invention  on  the  other  hand  provides 

a  high  temperature  flame  spraying  technique  which 
forms  a  dense  technical  ceramic  based  layer  which  is 
rough  on  the  microscale.  This  type  of  surface  en- 

15  hances  the  contribution  made  by  a  mechanical  bond- 
ing  mechanism,  in  bonding  such  a  dental  restoration 
incorporating  such  technology,  to  a  prepared  tooth. 
The  present  invention  is  applicable  to  the  fabrication 
of  basal  layers  of  technical  ceramic  based  materials 

20  for  all  types  of  dental  restorations  and  is  not  restricted 
to  the  labial  face. 

According  to  one  aspect  of  the  present  invention 
there  is  provided  a  method  for  the  manufacture  of  a 
dental  restoration  (2)  including  the  step  of  forming  a 

25  base  layer  (6)  of  predetermined  thickness  of  said  re- 
storation  by  flame  spraying  a  free  flowing  powder  or 
liquid  incorporating  a  technical  ceramic  based  mate- 
rial  onto  a  thin  layer  covering  a  refractory  tooth  pos- 
itive  target  and  post  heat  treating  said  base  layer, 

30  characterised  in  that  said  post  heat  treatment  is  car- 
ried  out  whilst  said  base  layer  (6)  is  on  said  target  and 
in  that  said  base  layer  (6)  is  removed  from  the  thin 
layer  formed  of  platinum  foil  prior  to  the  application 
of  said  restoration  to  a  natural  tooth  (4). 

35  Small  amounts  of  silicate  based  materials  may  be 
added  tothe  pre-cursor  feed  material  to  facilitate  the 
production  of  a  fully  dense  technical  ceramic  based 
material  layer 

The  method  will  include  the  additional  step  of  ap- 
40  plying  to  said  base  layer  a  plurality  of  layers  of  por- 

celain. 
In  order  that  the  invention  may  be  more  readily 

understood,  an  embodiment  thereof  will  now  be  de- 
scribed,  by  way  of  example,  reference  being  made  to 

45  the  accompanying  drawing,  the  single  figure  of  which 
is  a  sectional  elevation  of  a  dental  restoration  accord- 
ing  to  the  invention. 

Referring  to  the  drawing,  there  is  shown  a  sec- 
tion  of  a  dental  restoration  indicated  generally  by  ref- 

50  erence  numeral  2,  and  positioned  in  relation  to  a 
natural  tooth  4. 

As  will  be  seen,  the  dental  restoration  2  compris- 
es  a  base  layer  6  of  a  technical  ceramic  based  mate- 
rial  composed  of  Alumina  or  Zirconia  or  combinations 

55  thereof,  and  subsequent  layers  8,  10,  and  12ofdental 
porcelains  which  are  applied  to  the  base  layer  to  en- 
hance  the  aesthetics  of  the  restoration. 

The  base  layer  6  is  formed  by  a  flame  spraying 
technique,  and  the  dental  restoration  2  is  applied  to 
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the  natural  tooth  4  through  the  intermediary  of  a  layer 
16  of  a  bonding  agent.  Prior  to  the  application  of  the 
dental  restoration  to  the  natural  tooth  4,  treatment  of 
the  tooth  surface  may  be  necessary  -  depending 
upon  which  bonding  agent  is  used  -  such  treatment 
involving  the  use  of  the  phosphoric  acid  etching  tech- 
nique. 

The  flame  spray  process  used  in  the  method  of 
the  invention  utilises  a  free  flowing  powder  or  liquid 
which  incorporates  a  technical  ceramic  based  mate- 
rial  in  the  form  of  Alumina  or  Zirconia,  or  combinations 
thereof.  The  free  flowing  powder  or  liquid  is  intro- 
duced  into  the  flame  whereupon  it  is  given  kinetic  en- 
ergy  and  thermal  energy  and  directed  at  the  target, 
i.e.  a  tooth  positive,  which  will  have  been  formed  by 
casting  a  refractory  type  material  into  an  initial  poly- 
mer  impression  which  incorporates  the  tooth  to  be  re- 
stored. 

The  rate  of  spraying  is  controlled  by  the  design  of 
the  nozzle  in  the  flame  spray  gun  and  the  pressure 
of  the  fuel  gas  used.  Swift  passes  are  made  so  as  to 
deposit  the  technical  ceramic  based  material  onto  the 
tooth  positive  target  in  a  series  of  successive  layers. 
This  action  serves  to  facilitate  the  fabrication  of  a  rel- 
atively  dense  microstructure. 

It  should  be  noted  that  post-flame  spray  heat 
treatment  of  the  base  layer  6  is  necessary  prior  to  the 
application  of  the  layers  of  porcelain,  to  fully  densify 
the  base  layer,  to  homogenise  alloying  additions  or 
phases  present  and  to  enhance  the  optical  properties 
of  the  base  layer  6. 

Due  to  the  nature  of  the  microstructure  produced 
following  flame  spraying,  any  small  amount  of  remain- 
ing  shrinkage  of  the  layer  is  promoted  throughout  the 
depth  of  the  layer,  thus  not  affecting  the  fit  of  the  final 
restoration. 

Utilising  the  optimum  conditions  outlined,  a  base 
layer  6  approaching  theoretical  density  can  be  pro- 
duced.  The  finished  thickness  of  the  base  layer  6  will 
be  dependent  on  which  type  of  dental  restoration  is 
being  manufactured  and  may  vary  from  a  single  par- 
ticulate  layer  in  the  order  of  1  micro-metre  to  a  sub- 
stantial  layer  in  the  order  of  3  millimetres. 

The  flame  spray  process  used  to  produce  the 
base  layer  6  is  an  indirect  technique  which  involves 
burnishing  a  thin  layer  of  platinum  foil  over  the  refrac- 
tory  tooth  positive  and  then  flame  spraying  onto  this 
foil.  The  platinum  foil  serves  to  facilitate  the  removal 
of  the  technical  ceramic  based  material  base  layer  6 
from  the  refractory  tooth  positive,  following  the  fur- 
nace  heat  treatments  involved  with  the  application  of 
the  porcelain  layers  8,  10,  and  12. 

Following  the  formation  of  the  base  layer  6  as 
above  related,  conventional  techniques  are  used  for 
applying  the  layers  8,  10,  and  12  of  the  dental  porce- 
lains. 

The  first  layer  8  of  porcelain  must  have  a  coeffi- 
cient  of  thermal  expansion  which  is  matched  to,  or 

preferably  lower  than,  that  of  the  technical  ceramic 
based  material  base  layer  6.  A  porcelain  having  this 
slightly  lower  coefficient  of  thermal  expansion  will  be 

5  placed  into  slight  compression  upon  cooling,  thus 
yielding  a  dental  restoration  with  optimum  strength 
properties  and  aesthetics. 

A  dental  restoration  incorporating  a  base  layer  6 
formed  in  accordance  with  the  invention  has  excel- 

10  lent  shape  retention,  since  the  normally  large  shrink- 
age  (15  to  20  vol  %)  experienced  on  sintering  a  tech- 
nical  ceramic  formed  by  casting  or  die  pressing  tech- 
niques  are  greatly  reduced  or  overcome.  The 
strength  of  the  dental  restoration  formed  in  accor- 

15  dance  with  the  present  invention  is  greater  than  sim- 
ilar  dental  restorations  which  are  manufactured  from 
porcelain  based  materials. 

In  addition,  the  surface  area  for  the  bonding  of 
the  dental  restoration  to  the  natural  tooth  is  increased 

20  due  to  the  mainly  crystalline  nature  of  the  technical 
ceramic  based  material.  Pre-treatmentof  the  surface 
18  of  the  base  layer  6  may  be  carried  out  with  an 
agent  designed  to  enhance  bond  strength.  Such 
treatment  involves  the  application  of  a  silane  bond 

25  coating. 
Finally,  satisfactory  aesthetics  can  be  produced 

by  a  combination  of  materials  and  process  variations 
which  take  account  of  hue,  value,  chroma,  translu- 
cency,  shape,  outline  form,  contour,  proportion  and 

30  soft  tissue  harmony  with  the  oral  cavity. 

Claims 

35  1  .  A  method  for  the  manufacture  of  a  dental  restor- 
ation  (2)  including  the  steps  of  forming  a  base 
layer  (6)  of  predetermined  thickness  of  said  re- 
storation  by  flame  spraying  a  free  flowing  powder 
or  liquid  incorporating  a  technical  ceramic  based 

40  material  onto  a  thin  layer  covering  a  refractory 
tooth  positive  target  and  post  heat  treating  said 
base  layer,  characterised  in  that  said  post  heat 
treatment  is  carried  out  whilst  said  base  layer  (6) 
is  on  said  target  and  in  that  said  base  layer  (6)  is 

45  removed  from  the  layer  formed  of  platinum  foil 
prior  to  the  application  of  said  restoration  to  a 
natural  tooth  (4). 

2.  A  method  in  accordance  with  Claim  1  ,  character- 
50  ised  in  that  the  method  includes  the  step  of  ap- 

plying  small  amounts  of  silicate  based  materials, 
said  silicate  based  materials  being  added  to  the 
pre-cursor  feed  material. 

55  3.  A  method  in  accordance  with  Claim  1  or  Claim  2, 
characterised  in  that  the  method  includes  the  ad- 
ditional  step  of  applying  to  said  base  layer  (6)  a 
plurality  of  layers  of  dental  porcelain  (8,  10,  and 
12). 
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Patentanspriiche 

1.  Verfahren  zur  Herstellung  einerZahnrekonstruk- 
tion  (2),einschlielilichdes  Verfahrensschrittsder  5 
Fertigung  einer  Grundschicht  (6)  vorbestimmter 
Dicke  fur  die  genannte  Rekonstruktion,  indem 
ein  f  rei  f  lieliendes  Pulver  oder  eine  f  rei  f  lieliende 
Flussigkeit,  die  jeweils  ein  auf  technischer  Kera- 
mik  basierendes  Material  enthalten,  auf  eine  ein  10 
Zielobjekt  in  Form  eines  feuerfesten  Zahnposi- 
tivs  bedeckende  dunne  Schicht  durch 
Flammspruhen  aufgetragen  wird,  und  des  Ver- 
fahrensschritts  der  anschlielienden  Warmebe- 
handlung  dergenannten  Grundschicht,  15 
dadurch  gekennzeichnet, 
dali  die  genannte  Warmebehandlung  ausfuhrt 
wird,  wahrend  die  Grundschicht  (6)  sich  auf  dem 
genannten  Zielobjekt  befindet  und  daft  die 
Grundschicht  (6)  von  der  aus  Platinfolie  beste-  20 
henden  Schicht  entfernt  wird,  ehe  die  genannte 
Rekonstruktion  auf  einen  naturlichen  Zahn  (4) 
aufgetragen  wird. 

2.  Verfahren  nach  Anspruch  1,  25 
dadurch  gekennzeichnet, 
dali  das  Verfahren  den  Schritt  der  Auftragung 
kleiner  Mengen  von  Materialien  auf  Silikatbasis 
einschlielit,  wobei  die  Materialien  auf  Silikatba- 
sis  dem  Fullmaterial  zugegeben  werden.  30 

3.  Verfahren  nach  Anspruch  1  oder  2, 
dadurch  gekennzeichnet, 
dali  das  Verfahren  den  zusatzlichen  Schritt  der 
Auftragung  einer  Vielzahl  von  Schichten  aus  35 
Zahnporzellan  (8,  10,  12)  auf  die  genannte 
Grundschicht  (6)  einschlielit. 

I'etape  d'application  de  petites  quantites  de  ma- 
tieres  a  base  de  silicate,  ces  matieres  a  base  de 
silicates  etant  ajoutees  a  la  matiere  d'ali  menta- 
tion  precurseur. 

3.  Une  methode  conforme  a  la  Revendication  1  ou 
a  la  Revendication  3,  caracterisee  par  le  fait  que 
la  methode  comprend  I'etape  supplemental  de 
I'application  a  ladite  couche  de  base  (6)  de  plu- 
sieurs  couches  de  porcelaine  dentaire  (8,  10  et 
12). 

Revendications  40 

1.  Une  methode  de  fabrication  de  restauration  den- 
taire  (2)  comportant  les  etapes  de  la  formation 
d'une  couche  de  base  (6)  d'une  epaisseur  deter- 
minee  de  ladite  restauration  par  pulverisation  par  45 
flamme  d'une  poudre  ou  d'un  liquide  a  ecoule- 
ment  libre  comportant  une  matiere  a  base  de  ce- 
ramique  technique  sur  une  couche  mince  cou- 
vrant  une  cible  positive  de  dent  refractaire  et  un 
traitement  post-thermique  de  ladite  couche  de  50 
base,  caracterise  par  le  fait  que  ce  traitement 
post-thermique  est  realise  lorsque  la  couche  de 
base  (6)  est  sur  la  cible  et  que  la  couche  de  base 
(6)  est  enlevee  de  la  couche  formee  de  feuille  de 
platine  avant  I'application  de  ladite  restauration  55 
sur  une  dent  naturelle  (4). 

2.  Une  methode  conforme  a  la  Revendication  1  ,  ca- 
racterisee  par  le  fait  que  la  methode  comporte 

5 



EP  0  412  778  B1 

/ €   6  


	bibliography
	description
	claims
	drawings

