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The  purpose  of  this study  was  to determine the optima]  condition  for fabricating aecurate  crowns  eff{ciently  using  an

internet-based CAD/CAM  system.  The inf!uences or  three differenL CAI]fCAM  restorative  materials  (titanium, porce]ain,
and  composite  resin)  ancl  three different step-over  scanning  distances (O.Ol mm,  O.11 mm,  and  O.21 mm)  were  evaluated,  and

their interactive effeets  were  cai'et'u]ly examined,

   Several points on  the inner and  outer  surfaL'es  of  maehined  crowns-as  well  as  height--were measured.  These meas-

urements  were  then  compared  with  the origTna]  models,  fi'om whieh  machining  aecuracy  was  obtained.  At all measuring

poinLs, the inner surface  of  all crowns  was  machined  larger than  the die model,  whereas  the cei'vical area  of  porcelain crown

was  machined  smaller  than  the erown  model.  Results of  this study  revealed  that a step-over  distance of O.11 mrn  was  an

optimal  scanning  condition,  taking' into consideration  the interactive effeets  of  scanning  time  required,  data volume,  and

machining  accuracy.
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               INTRODUCTION

The  introduetion of  dental CAD/CAM  systems  has
brought  about  many  benet'its such  as high-quality
dental restorationsLZ',  standardized  machining

accuracy"'")  
,
 streamlined  design and  fabrication

processes"T', and  improved laboratory environments""]).

With  the  development of internet technology,
internet-based CAD/CAM  systems  have  gained much

attention  and  attracted  much  interest latelv. In this
setup,  a  scanning  unit  and  a  computer  Ioaded with

CAD  software  are  installed at  the dental office  and

connected  with  a  CAM  proeessing center  via  internet.

   For dental teehnicians working  at  the centralized

processing centers,  they could  fabricate accurate

dental prostheses only  with  digitized information
transmitted  t'rom the dental offices.  On  this note,

one  faetor that  affects  scanning  accuracy  is the
step-over  seanning  distance, which  det'ines the
distance between  neighboring  scanning'  strips,

Scanning accuracy  increases with  smaller  step-over

distance. However,  this would  mean  greater data
volume  as  well  as  longer data proeessing time.
Thus, determination of  the optima]  scanning

condition  would  entail  the  combination  of different
factors.

   The  aim  of  this research  was  to determine the
effects  of  stop-over  and  CADfCAM  restorative

material  on  machining  aeeuracy.  Mode]s were

scanned  with  three ditTerent scanning  conditions  (i.e.,
step-over  distanees of O.Ol rnm,  O.11 mm,  and  O.21

mm).  Each of  the three restorative  materials  -

namely,  titanium, porcelain, and  composite  resin

crowns-were  then machined  with  each  scanning

condition.  Maehining accuraey  was  obtained  by
measuring  the  deviation between  a  machined  crown

and  the original  model.

         MATERIALS  AND  METHODS

Mater'ials
Three  kinds of CADICAM  restorative  materials,

titaniurn bloeks (TD (JIS II II4650; Advance  Co. Ltd.,

Tokyo Japan), porcelain  blocks (Po) (Cadirn Porcelain;
Advance  Co. Ltd., Tokyo  Japan), and  resin  blocks

(HR) (GC composite  resin;  GC  Corp., Tokyo  Japan)

were  used  for this test. Tables 1 and  2 show  the
compositions  and  meehaniea]  properties ot' the

CAD/CAM  restorative  materials  used  in this study,

respecLively.

Mbthods

To  invesLigate the influenees of  different CAD/CAM
restorative  materials  and  scanning  conditions  on  the
machining  accuracy  of  inner and  outer  surfaces  of

erowns,  experiments  were  carried  out  with  different
experimental  factors and  combinations.  Data

obtained  were  then analyzed  using  two-way  analysis

of  variance  {ANOVA).
   Three kinds of  CADfCAM  restorative  materials-

Ti, Po, and  HR  
-

 were  prepared tor factor A, and

three step-over  scanning  distances of  e,Ol rmm,  O.11
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mm,  and  O.21 mrn  (StO.Ol, StO.11, StO.21) were

prepared  for faetor B.
   Shapes  of  the  die and  crown  models  were

scanned.  Captured and  manipulated  scanning  data
were  transmitted  to the  processing  center  via

internet, where  crowns  were  fabricated. Machining

processes  with  combinaLions  of  factor A  and  I'actor B
were  repeated  three  times,  so  that  a  tota] of  27

crowns  were  I'abrieated.

Specimen fubrication
1.The  die model  and  crown  model

Figure  1 shows  a  schematic  illustration of  the  die

and  crown  models  (SUS-304), as  well  as  their dimen-
sions.  Dimensions  of  the die model  were  as  follo"rs:

base diameter (di9.0 mm),  occlusal  surl'aee  (¢ 6.0 mm),

height (6.e mm),  8-dcgree taper, and  a round  form  of

Table
 
1
 
Cornpositioris

 
of.Ei/AD!.ICAM

 
r-,st.orative.-.}e/tgrials..

9?de -  
Compositioris

CADICAM

'11
 

'Ti,
 Balance, O/ O.20%, Fe/ O.25%, N/ O.05%, II/ O.02%

Po  / Si02/ 55-65%,  A1303/ 15-25%,  NEL:O/ 6N8%,  KzO/ 6-8%

IIR Fine particlu of  silicu/  60%, Uretnngemetatrirat./ ,10%

Table 2 Mechanical properties of  CADfCAM

       crowns  using  
'VCP/Il'

    O.5 mm  radius  was  prepared at  both the  cervical  con-

    tour and  axial-occlusal  line angle,

       Dimensions  of  the  corresponding  crown  mode]

    were  as  follows: base diameter (¢ 9.0 mm),  oeclusal

    surface  (¢ 8.0 mm),  height (7.0 mm),  8-degree taper,
    and  a  round  form  of  O,5 mm  radius  was  prepared at

    the axial-oeclusal  Iine angle.

    2.CAD/CAM  system

    Internet-based CAD  (Dental Cadim 107D, Advance  Co.
    Ltd., Tokyo  Japan) was  used  in this study  (Fig. 2).

    Cadim consisted  of  a  scanning  unit  
-

 whereby  sean-

    ning  was  done with  contact  analog  method,  and  a

    personal cornputer  loaded with  a  CAD  soft,ware

    (Tracecut 24, Renishaw Plc., UK). Table 3 gives the
    specifications  of Cadim.
    3. Scanning

    After mounting  the die model  on  Cadim Setting
    Plate using  a  dental stone  (New Fujirock, GC  Corp.,

    Tokyo, Japan), it was  installed on  the scanning  area

    of  the  unit  (Fig. 3).
       First, the cervical  area  of  die model  was  scanned

    with  2D  X-Y  scanning,  from  which  scanning  range

    for 3D scanning  was  defined. Shape  of  the  die model

    was  scanned  radially  with  a  3D contact  scanning

   method  based on  the  defined scanning  range,  thus

restorative  maLerialsTi

Po HR

Hat'dnes$

DensityCompressive

 strcngth

Bending strengLh

Proofstress

El{mgation

Tensile strength

ptledulus of  clasticity

Filler particle content

-Modulus 
ol' thermal  expansion

 {HV)(gfcm")(MPa)(MPa)(MPa)

 (%)(MPa)(MPa)(wL%)

 efK)

1.104.51

  215

  23340-510

552 ±27

 617

  95

   4500

8,3--9,6× 10,6

  388L62

±O,Ol

 595 ± 24

 190 ±15

49± 100

  60

used  Lhe manufacturer's  offieial  data

Fig. 1 Schematic illustration
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Fig.3  Scanning' of  Lhe diemodel.

Table 3Specifications ofCadim

Scanning unit

HangeProbc

 def}eetoin

Probe  reso]ution

Ovevatl siza

Weight

090 × 45 mm

18N30  g1/1000

 mm

W'245XD315XII505 mm

13 Kg'

PC DesktopWindowsPC

 200024

Softwat'e Tracecut Fig, 4ScFjnning  ol' Lhec/'rown rnodel,

eapturing  2D  and  3D data. Shape of  the crown

model,  having been rnounted  on  the  die, was  scanned

in the same  manner  as  the die model  (Fig. 4),
   As  for the scanning  condition,  three  diff'crent

sLep-over  distances (O.Ol, O.11, O.21 Tnm)  were  used  in
this study.  Tests were  carried  out  for' each  scanning

condition.  With  the exception  of  step-over,  othor

scanning  parameters  were  the same  for all  the tests
as  follows:
     Scanning  speed:  1000 mm/min;

     Scanning  pitch {die model):  O.05 mm;

     Scanning pitch {crown model):  O.1 mm;

     Probe defleetion/ 30 g;

     Scanning direction: Two-way.

   2D  and  3D data were  captured  by positioning  a

stylus  of  di1 mm  and  made  of  cylindrical  tungsten

carbide  bur in contact  with  the models.  Digitized
crown  shape  was  generated by  combining  captured

3D die data with  captured  3D crown  data on  the
sereen.  The  photographs  of  Fig. 5 represent  the
eaptured  scanning  data of  both  die and  crown  models

with  each  step-over  distance. The time durations
required  for scanning'  the die and  crown  models  with

Table 4Time  durations required
and  crown  models  with

cliLion

for scanning  the die
eaeh  scanning  con-

step-over dic model crown  model

     O.Ol 175

     O.11 18

     O.21 9

step-over  distance (mm) die

18335

 10

anderown  mede(rnin)

each  scanning  condition  are  shown  in Table 4.
4. Data  transmission

Digitized dlata was  compressed  into LZH  forrnat and

transmitted to the proeessing  center  using  Cadim
Sol'tware (Advanee Co. Ltd., Tokyo  Japan). Data

volumes  required  were  11.8 MB  (StO.Ol), 957 KB
{StO.11), and  500 KB  (StO.21).
5. Machining  proeess
At the processing  center,  NC  cutLer  paths  and  CAD
output  files were  generated based on  the  transmitted

digitized data, Table 5 shows  the machining  parame-
ters for Ti, while  Table 6 shows  the  machining
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         StO.21

5 Captured seanningdate  of  the die

StO.Ol

StO.11

                          sto.

and  crown  models  scanned  with  StO.0121, ste.ll,StO,21.
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Innersurface Outer suri'ace

  Coars.e

-. 
machining

      2

    1000

    500

   1500

  Terrace

  Clear

      O.1

  Rectangular

  Spiral

ts･lediumma-c.l!,{n.i'pg

    2

  400

  200

  500'TerraceFinish

    oRectangular

Spiral

Finishing
CoarsemachiningFinishing

Tool  diameter  (mm)

Feedrate  XY  (mmlmin}
Feedrate Z down  (rmn!min)
Foedrate  Z up  (mmlmin)
Maehining method

Type of  cut

Surfaee effset  (mm)

Machining derecLion

    1

  318

  318

  318

 Redial

 Finish

    o

One way

    2

 1000

  500

 1500TerraceClear

   O.1RecLangular

Spiral

    1

  250

  150

  200Radial

 Finish

    o

Two  way

Table  6.M. aebiniug  parameters  of  Po and  HR

Teol diamctcr (mrn)

Feedrate XY  {rnTnfrnin)
Feedrate  Z down  {mmf'min)
FeedraLe  Z up  (mmfmin)

Machining' method

Ty, pe of  cut

Surfaee  offset  (mrn)

Machining derection

InTiersltt/ac/e

Fiiiishing

  2

 300

 100

 2oeRudialFinish

  o

Two  way

c)It'ar 
surface

 

-
 

'-

Coarsemachi.ning

   2

 300

 250

 1000TerraceClear

   o.esReetnrigular

Spirat

Mediurnmacbining

   2

 300

 250

 leeoTei'i'aceFinish

   ollec:tung'ular

Spiral

Marglin.rinisiV.I}.glMargli'ilM'' coarse

finishing'2 machinigFinishing

  1

 300

 200

 3oeTerruceFinish

  oRectang'ular

Spiral

  1

 300

 200

 300RadialFinish

  o

Two  way

   2

 300

 250

 1000TerraceClear

   e.osRecLangular

Spiral

  2300

 200

 300RadialFinish

  o

Two  way

parameters  for Po  and  HR.  As  for eement  spaee,

a  luting cement  l'ilm thickness oF 50 ptm was  sct  at

1mm  above  the margin  line, and  it gradual]y
deereased to O mm  at margin  line.

Mleasurement of (]AP/C]AM  crown  usiJzg  3D coordi-

nate  measuring  machine

1.Measuring machine

Inner and  outer  surfaces  of  machined  crowns  were

measured  using  a  3D  coordinate  measuring  machine

(E-DC-M4eO, Tokyo Seimitsu Co. Ltd. Japan), which

consisted  of  three main  eomponents:  the machine

itse]t', a computer-controlled  system  (Type 2400-"IBB
SIN97-A0231,  IBM), and  a measurerrient  software  (40
series,  all-purpose  measuring  prog'ram  XYZAX),

   Measurements  were  carried  out  using  a  probe

{TPI, Renishaw  Tnc.) with  a  1-mm-radius  stylus.

Measurement  parameters  were  as  follows: horizontal
probe deflection (15 gf,), vertical  probe deflection

(25 gf). Thus, a  measurement  aecuracy  of  less than
± 2.0 ptm  was  obtained.  Arr]bient operat{ng  tempera-
ture was  23.0±.2,O℃ ,

 humidity  was  50± 5%,

2. Base]ine seLup

SeLup of the baseline and  measuring  points w･ere

carried  out  in aeeordance  with  those ot' Konishi"!'.

Inner occlusal  was  alig'ned  wiLh  X-Y plane of the
machine  and  defined as  the baseline. Tw･elve randorn

poinLs  on  the circumference  of  the inner surface  of

CAD/CAM  crown  were  measured  5.0 mm  away  from

the baseline in Z-direction, and  from which  the

central  eoordinates  of  the cit'c]e were  eomputed,

   Similarly, outer  occlusal  was  defined as  the basc-

line. As such,  12 random  points  on  the circumfer-

ence  of  the outer  surface  of  CAD/CAM  crown  were

measured  6.0 mm  away  from the base]ine in Z-
direction, and  from  which  the central  coordinates  of

the  cirele  werc  also  computed.  Central axis  was

established  as  the line that crossed  at right  anglo

through  the central  coordinates.  Each  ineasured

value  was  derived from the radius  between a  measur-

ing point and  the central  axis.

3, Measuring  points
For inner measuring  points,  they included the height
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Maehined  crown

er  occlusal

 L2  mm

 2.0 mm
 3.0 mm
 4.0 mm
 5.0 ann

mmLmmLmmmmmmmm-

-(}-----

Xz.-.-.7

<-height

The  die model Machinedcrown

clusal.2m.oan..opmz.em-ll.O

 MMI-,oan.argrnThe

 crown  model

Table

   Fig. 6 Inner

7 Dimensions of

measuring  points,

die.
 
and

 
clge,n

 
models

Fig. 7 Outer rneasuring  points.

occulusal  1.2 rnm2,O  mm3.0  mm4,O  mm5.0  mm  6.0 mmmarglnhight

Die  model  (lnner)
Crown

 
modcl

 (Oyter)3.0763.9943.1644.0853.224.1423.2924,2153.3644.2893.4354.3654.4394.5065.9457.033

Inner  crown  view

           Outer crown  view

  Fig, 8 Inner and  outcr  sut'faces  or  machilled  crowns.

{i.e., the distance between inner' occlusal  and  cervical

area),  the inner occlusal  surface,  and  the following
five points: 1,2, 2.0, 3.0, 4.0, and  5.0 mm  away  from
the inner occlusal  (Fig, 6).

   For outer  measuring  points,  they ineluded the

height, the  radius  of  cervical  area,  the  outer  occlusal

surface,  and  the  following six  points: 1.2, 2.0, 3.0, 4,O,

5.0, and  6.0 mm  away  from the outer  occlusal  (Fig.7}.
As  the  radius  ot' the  sLylus  tip was  1.0 mm,  we  set

it aL  1.2 mrn  so  that it was  possible for contact

measurement.

4. Measured values  of  die and  crown  models

Table 7 shows  the  measured  values  oE  both die and

crown  models  using  contaet  3D  coordinate  rneasuring

machine.  Figuro 8 shows  the inner and  outer

surfaces  of  maehinedcrowns  which  were  used  for

measurement.  Each rneasuring  point was  measured

t'ive tirnes and  averag'ed  to obtain  a  mean,  measured

value.

   Machining  accuracy  of  the  inner surface  of  a

crown  was  obtained  from  deviation between  the

machined  inner surface  of  a  crown  and  the die model.

In the  same  way,  machining  accuracy  of  the  outer

surfaee  ot' a  erown  was  obtained  from deviation
between  the  machined  outer  surface  of  a  crown  and

the crown  model.

   After confirming  that  machining  accuracy  was

equally  spread  out  at  each  measuring  point, two-way

analysis  of  variance  (ANOVA) was  perforrned  on  the
data obtained.  When  signifieant  differences were

noted,  Fisher's mulLiple  contrast  test was  carried  out.

A  plus sign  (+) indicates that  a  crown  was  machined

larger than the  die or  crown  modeL,  and  vice  versa.

                  RESULTS

Deviation between inner s"rLftzce  of crown  and  the  die

modelFigure

 9 shows  the  machining  aeeuracy  results  of the
inner surfaee  of  crowns  and  as  analyzed  by rnultiple

NII-Electronic  
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contrast  test. When  examining  the  influence of  three

different CAD/CAM  restorative  matcrials  on  inner
machining  accuracy,  thc I'ollowing' were  noted:

  (1) At  inner ocelusal  surface,  there  w･ere  no  signifi-

     cant  differences;
  (2) At  1.2 mm,  significant  differancos ware  found

     in the desccnding order  of' Ti, Po, and  HR;

  (3) At  2.0 mm,  3.0 mm,  4.0 rnrn,  and  5,O rnm,

     sign"'icanL  differences wer'e  also  found in the

     descending' order  of  Ti, Po  and  HR;

  {4) With  titanium,  almost  the  samo  dox,iation of  60
     "m  was  observed  aL  all  vneasut'ing  points;

  (,[)) With  porcolain, the largest deviation of  68 gm

     was  obscrved  at  occlusal  surface,  then gradu-
     ally deereased to 38 "m  at  5.0 mm  of  cervical

     areal

  (6) "iith i'esin.  the largest deviation of  58 "m  was

     observed  at  occlusal  surf'ace, Lhen gradually
     decreased to 23 ptm  aL  5,O mm  of  cervical  area

     
-thus

 showing'  a similar  tr'end to poreelain;

  (7) "Hth  all  the  three  restorative  materials,  the

     inner surface  was  machined  larger than the die

     model  Ci.e., increasad gap);

  (8) As for the height, deviation w･as  in the

     descending order  of 40 "m  {IIR}, 39 "m  (Po),
     and  36 "m  (Ti), with  no  significant  differences.

   When  examining  the influenee of  step-ovcr  on

inner machining  accuracy,  the  following were  noted:

  (1) At occlusal  surfacc,  1,2 mm,  2.0 mm,  and  3.0

     mm,  deviations of' SLO.Ol and  StO,11 were

     significanLly  larger than that  of  StO,21;

  (2) At  4.0 mrn  and  5.0 Tnnn,  deviation was  high in
     thc descending order  of  StO.11, StO.Ol, and

     StO.211
  (3]/ As  for the  height, deviation of  StO.Ol was

     sig'nificantly  Iarger than thosc of  StO.21 and

     StO.11i

  (4) StO.01 was  the least spread  ouL  in deviation;

  (5) In aU  stop-evor  distance, deviation gi'adually

     decreased i'rom occ:lusHl  surfaee  to 5.0 mm,  i.e.,

from  65 ptm  (occlusal surface)  to 40 ptrn /[5.0

mrn)  when  scanned  with  StO.Ol, from 67 ptm

(occlusal surface)  to 47 llm {5.0mm) when

scanned  with  StO.11, and  from 52 ptm  <occlusal
surface)  to 34 ltm  (5.0 mrn}  when  scanned  with

StO.21.

DeviaLion betLveen ouLer  sunyfoce  o.f crouvn  and  the

crown  model

Figure 10 show･s  the machining  accuracy  resulLs  ol'

tho  outer  surfaee  of  crowns  and  as  analyzed  by

niultip]e  contrast  test. "ihcn  examining  the  influ-
ence  of' three different CAD/CA)'1 rastorative  materi-

als  o]i  outer  machining  aceuracy,  Lhe 1'ollowing werc

noted/

  (1) Significant differences were  noted  at  all  rneas-

     uring  points in the descending order  of  HR, Ti,
     and  Po;
  (2) Deviation was  larg'esL at  the  occlusal  surfacc,

     and  g'radually decreased Loward  Lhe ccrvical

     arefl  in all materials;

  (3} With  Ti, deviations ranged  from 15 gm  (ocelu-
     sal  surl'ace) to 

--1
 um  (margin);

  {4} With  Po, deviations ranged  i'rom 2 "m  (ocelu-
     sal  surface)  to -16

 urn (margin);
  {5) With  HR,  deviations ranged  from  37 urn  {oeclu-
     sal  surface>  to 21 um  (rnargin).
   When  examining  the influence of  step-over  on

ouLer  machinjng  accuracy,  the following were  noted:

  (1) iXt  occlusal  surface,  dex,iation oi' StO,11 was

     significantly  sma]ler  Lhan  those ot' SLO.Ol }'and

     StO.21;
  (2) As  for the height, deviation ot' StO,11 wEis

     significantly  larger than  those of  StO.Ol and

     StO.21]

  (3) In all  step-over  distance, deviation gradually
     deci'eased t'rom occlusal  surfacc  to the  margin,

     i.e., from  23 um  (oeelusal suri'ace)  to 1 ptm

     (margin) when  scanned  with  StO.el, l'rom 11um

     (occlusal surface)  to 5"m  (margin) when  sean-

Table 8 BesulL,s or  ANOVA  {inner surfac/e  of  crown}

ptteasuring' polr]'ts occlusalIL2  mm2,O  mm3.0  mm4.0  mm5,O  mm height

A/Materials

B1St

non

 *

**** **** **** **** **** non**

,,s<o.ol,
 

*<O.05

Table 9tsCeasuringResults ofANOVA  (outer surface  of  crown)

poinLsocclusel-.  1,2 Fp.m2.0
 mm

  *-*

 non

3.0 min

  **

 non

4.0 mm

A  / Materials

B/SL

*** **non **non

5.0 mrn  6.0 mm  margin  height

  **  **  **  **

 non  non  non  **

,*<O.Ol,
 

i<O.05
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     ned  with  StO.11, and  I'rorn 20 "m  (occlusal sur-

     face) to -
 1 ,um (margin) when  scanned  with

     StO.21.

Results of ANO  L41
Table 8 shows  the two-way  ANOVA  r'esults  of  the
inner surface  o[' erowns  as  w･ell  as  the indication of

signil'icance for the different factors and  interactions,
Factor A  (CAD/CAM  restorative  maLerial)  signifi-

cantly,  affected  all  measuring  points exeept  for
occlusal  surface  and  hcight, while  factor B  {step-over)
significanLly  ai'fected  all  measuring  points. No
significant  inter'active effects  were  observcd  at  all

rneasurjng'  points.
   Table 9 shows  the two-way  ANOVA  results  of

the outer  surface  of  crowns  as  well  as  the indication
of  significanee  I'ot' the  different factors and

interact{ons. Factor A  (CAD/C]AM restorative

rnaterial)  significantly  affected  all  rneasuring'  points.

Factor B  (step-over) significantl.v,  affected  the occlusal

surface  and  height, buL not  measuring'  points  from
1.2 mm  to the cervical  area.  No  sig'nificant  internc-
tive effects  were  observed  at  all  measuring  points.

                 DISCUSSTON

internet-based CAP/(MM  sysCem

In an  internet-based CADICAM  s},stem,  CAD  and

CAM  are  independently installed and  connected  via

internct. To  put it correctly,  shapes  of  dental models

arc  scanned  at  the dental office,  whereby  thc

captui'ed  scanning  data is manipulated  with  a  CAD
program.  Digitized information is Lhen  sent  to the

processing  center,  where  dental restorations  are

fabricated and  finished restorations  are  delivered
back to the dental offiee.

   Based  on  the above  system  setup,  initial invast-
ment  eost  

--
 even  if the cost  of  upgrade  option  were

included-is much  lower than that of' sLand  alone

CADICAM  system,  as  onl),  a  seann{ng  unit  needs  to

be purchased.

   In computerized  fabrication processes,  the time
rcquirad  for scallning  and  data  manipulation  does
not  vary  with  CAD/CAM  systems.  On the contrary,

the tirne required  for machining  vai'ies  widely  with

CAD/CAM  systems,  and  it is also  the mosL  time-
consurning  and  costly  process in compuLerized

fabrieation of  restorations.

   With  a standalone  CAD,ICAM  system,  its indis-
putable  advantage  over  an  internet-based CAD/CAM

systern  is that it can  start  machining  immediately
after  Lhc completion  of  scanning  and  data

manipulation.  How･over, its productivity  per  day
may  be limited by  a  longer machining  time  required.

On the othor  hand, an  internet-based CADICAM

system  requires  time only  for scanning  and  data
manipulation.

crowns  using  TC]I'!II'

    Besides t･he Langible benefit of  tirne-saving,  the

intanglble benefit is that the personnel-aVwork  can

obtain  enough  experience  to become  prol'icient
because the milling  of  units  is centt'alized  at  one

placc. In addition  to these  two  advantages,  high

machining  accuraey  can  be constantly  achioved

because system  maintenance  is dene on  a  regular,

scheduled  basis.

Machir}in.o accuracy  cotnpared  with  stanalalone

enP/cr!M  sysdem

Komatsu  et  aL"'  tested  the  machining  accuracy  ot'

inner and  outer  surfaces  {from occlusal  surface  to

cervical  arealmargin}  of  Ti, Po, and  HR  crowns

using  a  standalone  CiNDfCAM  system,  Inner and

outer  machining  accur'acy  were  reported  as  follows:
34--31 "m  and  9-7um  with  Ti, 32-37  xtm and

-29-v-1  ptm  with  l'o, and  37N34 "m  and  -IN-29

ptm with  HR.

    This study  was  a  similar  experimenL,  except  that

an  internet-based CAI)fCAM  system  was  used.

Machining  accuracy,  values  or  the  inner and  outer

surf'aces  of  Ti, Po, and  IIR crowns  were  as  follows:
59--60 um  and  15--1  llm with  Ti, 68-35 "m  and

2---16 "m  with  Po, and  58-20  ptm  and  37-21  gem

with  HH.  (occlusal/margin)
   As  for cement  film thickness,  5e um  was  offset

in this study  in the same  way  Komatsu et al.:' did in
their  study.

   Compared with  a  standalone  CADICAM  system,

inner crown  achieved  a  machining  aeeuracy  whieh

was  designated for cement  film thickness.  OuLer
crowns  tended  to  be machined  smaller  Lhan Lhe
crown  model  {i.e., smaller  crown),  but their  reduction

rate  was  smaller  than that of  a  standalone

CADICAM  system,  showing  higher machining

aeeuraey.

fn,fZ"ence of step-over
At  almosL  all  measuring  points  on  the  inner c/rown

surfaccl  StO.Ol and  Ste,11 sig'nificantly  affected

rnachinmg  accuracy  as  cornpared  with  Ste.21. As for
thc  machining'  accuracy  of  the  outer  surface  of

crowns,  no  sig'nificant  differences were  found at

almost  all  measuring  points. In particular, StO.11
achieved  the highest machining  accuracy  around  the

cervieal  area.

   To  meet  the demand  for high-precision maehin-

ing, rigorous  seanning  accuracy  is required.  In the
ease  of  Cadim,  CAD  data was  processed by  connect-

ing each  digitized point with  a  straight  line.
Therefore, as  shown  in Fig. 11, when  a  large step-

over  distance was  used,  slightl.y  more  inward-oriented
machining  was  done  due to sma]ler  data volume,

thus fabricating signifieantly  smaller  crowns  when

eompared  with  smaller  step-over  distances.
   When  comparing  the  inner and  outer  surfaces  of
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   Considering the 
'
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Clinical application

Nakamura  et  al."S' reported

of  even  film Lhickness
strength.  In the case

Konishi et al.i
±]
 advocated  a

cervical  area  and  20N5e  ptrn
On  the other  hand,
ness  of  40--70 "m,

a  minimal  film thickness

study,  mean  machining

crowns  was  approximately

point･s, which  was

tion by  Yoshidai`'. With
filrn thicknesses were

20N58  ttm, respectively.

   Beschnidt and  Str･ubLS'
marginal  adaptation  of  all

with  poreelain-fused-to-metal
In this study,  the
aceuracies  at  the cervieal

(titanium), 
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nce

   Largerdifferenee

Scaimedwithlarger
step'overdistarite,

"s

                   2.

Helation  between  data  vo]ume  and  machining  accu-

                 a  smaller  radius  is more

                 by step-over,  This was

     significant  differences w･ere  obsers,ed  at

                 but not  so  at  the outer

            pomts  of  4.0 mm  and  5.0 mm

                ievod Lhe  most  aecurate

         high-preeision scanning  of  StO.el.

                 proportion  to measure-

            machining  based on  capturad

                 scanning  points,  higher
             automatieally  i'ecognized  to

                mm  tool.

         ox,er-machining,  Cadim automati-

               points, which  allow  mini-

              could  be a  key reason  why

               was  reduced.

           interaction  of  machining  accu-

           required,  and  data volurne,  the

           a  cone]usion  that StO,11 was  an

      that a  cementing  medium

    was  critical  to high bond
      of  eeramomctal  crowns,

       15-"m  film thickness at

        f'or the remaining  area,

Yoshidai`' suggested  a  film thick-

but that it gr'adually decreased to
      at  cervical  area.  In Lhis

    accuracv  of  inner titanium

       60 "m  at  all measuring

consistent  with  the reeommenda-

     porcelain and  resin,  cement

  approximately  38N68  um  and

       reported  that the  mean

      ceramic  crowns  fabricated
        method  was  '17N99  um.
    following mean  machjning

     area  were  obtained:  
-1

 um
  (porcelain), and  21 "m  (resin).

eL al. ;i;')9

Clinicall,y acceptable  marginal  t'it of a  cro",n  is
reported  to be 100-w200 IimLe'L". In Iig'ht of  this

clinically  acceptable  range,  the CAD/CAM  crowns

fabricated in this study  were  considered  clinically

sa['e  and  applicableiE'Zi',

               CONCLUSIONS

1'o invcstigate il' accurate  crowns  could  be fabricatcd
et't'iciently  using  an  iiiternet-based CAD/CAM

system,  this study  was  carried  out  with  three
different step-over  seanning  distanees (O.Ol mm,  O.11

mrn,  and  O.21 nim)  and  threc different CADfCAM
restorat{ve  materials  (Ti, Po, and  HR), Results were

then cornpared  to determine the optirnal  scanning

condition.  "iithin the limitation of  this study,  the
following conc]usions  were  drawn:

  (1} When  examining  the influence of  three differ-
     ent  CAD/CAM  restorative  materials  on  inner

     rriaehiriing'  aecuraey  k'om  occlusal  surfaee  t,o

     5.0 mnn,  the fol]owing deviation values  were

     obtained:  60 ptm  w･ith  Ti, range  of  68 llm  to 35

     um  with  Po, and  range  of  58"rn to 20gm
     wiLh  HR,

     As for outer'  rnachining  accuracy  l'rom
     occlusal  su]'face  to margin,  deviation ranged

     from  15 grn  to -O.7 um  with  Ti, from  2.3 "m

     to 
-15.7

 ptm with  1'o, and  from 36.7 Itm to

     21 "m  with  HR,

     Deviation of  both inner and  outer  surfaces  of

     crowns  gradually decreased from  occlusal

     surfacc  to ccrvical  arca,  except  for the inner
     surfaee  of  Ti crown.

  (2} When  examining  the  influence of  step-over  on

     inner machining  accuracy,  deviations of  StO.Ol
     and  StO,11 were  significantly  larger than  that

     of  Ste.21 from occlusal  surface  to 3.0 mm.  At
     4.0 mrn  and  5.0 rnm,  deviation was  high in the

     descending order  ol' Ste,11, StO,Ol, and  StO.21.
     As  for outer  rnachining  aecuracy,  no  signifi-

     cant･  differences were  observed  from  1.2 mm  to

     cervical  area.

     In all step-over  distances, deviation gradually
     decreased from oeelusal  surface  to cervical

     area.

  (3) Height was  machined  largei' than the die or

     crown  model  in al]  conditions,  except  for

     titanium outer  surface.

   The present  study  revealed  that the inner surface
was  rnachined  larger than  the  die model,  whereas  the

outer  surface  ol' poi'celain erown  was  machined

smaller  than  the  crown  mode].  Considering the

interaetions o[' machining  aceuracy,  scanning  time
required,  and  data volume,  the  authors  have come  to

a  conclusion  that StO.11 was  an  optimal  scanning

condition.
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