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Function and Clinical Application of Dental
CAD/CAM "GN-1"

K. Hikita / Y. Uchiyama / K. liyama / F. Duret

Introduction

The dental CAD/CAM system “Den-
tal CAD/CAM GN-1" (Fig 1) was
launched by the GC Corporation
(Tokyo, Japan) in 1999, and we are
expecting it to function as a really prac-
tical multi-purpose CAD/CAM sys-
tem. The Measuring Machine (GN-1
scanner) and the design software
(CAD)for the “GN-1" were developed
by Nikon (Tokyo, Japan). The Milling
Machine, a material for crowns and
inlays, a bite-taking material developed
especially for this system, and a die
material were developed indepen-
dently by the GC Corporation.

This is a multipurpose system which
allows technicians to make crowns,
copings, and inlays. There are two tech-
niques that can be used in designing the
morphelogy of the crown. One is total
use of CAD in the design process and
the other is reading the wax-up.
According tothe development concept
of the CAD system developed espe-
cially for this system, the technician can
design crowns by manipulating CAD as
if he or she were doing waxup. Com-
pared to other systems, it has the
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HWiE A CAD/CAMS A5 4 [DENTAL
CAD/CAM GN-T J (B0 1) iF, 19994z
=¥k RS, KR
CAD/CAMI RF A LTHFshTV3,
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Fig1 Dental
CAD/CAM system
(GC: Dental
CAD/CAM GN-1).
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advantage that it is possible to design
crowns in detail. This system is des-
cribed below.

Structure of the system

This system is composed of three
devices: a measuring machine (Fig 2,
upper left), CAD — personal comput-
er for design (Fig 2, bottom left), and
a milling machine (Fig 2, right). In addi-
tion, standardized materials - a com-
posite block (Fig 3, left), a ceramic
block (Fig 3, middle), and a titanium
block (Fig 3, right) - are available. A
die material, GN-1 CAD stone, and a
bite-taking material, GN-1 CAD sili-
cone, which are necessary to run this
system and were developed especially
for it, are also available.

Figure 4 shows the flow of laboratory
work for making crowns as compared
to the conventional method. You will
see that the laboratory work has been
simplified by the CAD/CAM system.

Measuring machine

1) Components

The measuring machine isa noncontact
pointlaser, three-dimensional scanner
and consists of the measuring section
and power supply (see Fig 2).

2) Measuring method

a) Measuring the abutment and adjacent
teeth

The main measurement tool (Fig 5) is
alaser sensor measuring displacement.
As shown in Fig 6, the center of each
removable die of abutment or adjacent
teeth, which were made of GN-1 CAD
stone and fixed on the XY table, is set.
While rotating the dies on the 8 axis,
the axial surface and occlusal surface

12

Fig 2 Structure of the Dental CAD/CAM GN-1 system.

W

le

Fig 3 Materials for processing: composite, ceramic, and titanium blocks.

are measured for each die. For scan-
ning, the Z axis of the laser sensor for
measuring displacement is moved up
and down to determine the starting
position of the cervical area, and the
sensor is rotated 180° on the o axis

(Fig 7, left).

b) Measuring the antagonistic teeth

The morphology of only the occlusal
surface of the antagonistic teeth is mea-
sured. This is done by an indirect
method (Fig 8). The morphology of the
antagonistic teeth, recorded with the
bite-taking material and placed atop

the dental model including abutment
teeth, is measured. To measure the
morphology, the laser beam is fixed,
and the XY table is moved in a comb
shape along the dentition of the dental
model (Fig 7, right).

3) Measurement conditions

The measurement precision of the
laser sensor for measuring displace-
ment is about 20 um. The color of the
superhard stone (GN-1 CAD stone),
which is used to develop dies, is matte
black, because accurate measurement
cannot be obtained when laser reflects

International Journal of Computerized Dentistry 2002; 5: 11 -23



POLESHING

Fig 4 Comparison of laboratory procedures for making crowns conventionally and

with CAD/CAM methods.

T
r T XY Table
- faxis

Fig 5 Mechanism of the scanner.

Fig 7 Method of scanning the crown,
including the abutment tooth, and the
occlusal surface of the antagonist tooth.

Fig 8 Scanning the antagonist tooth.

Measurement of
abutment taoth
i

Zy | 5.\i.Z

» Bal

X X=Y Table

International Journal of Computerized Dentistry 2002; 5; 11-23

1. A7 LIER

SOYAT AR, [FHUE (2 Yy —1 >
Fei—Y)l(Mz2. k). TCAD (3%5tH
M=V F NI Ea—#)Y | (H2, EF).
(2. 47)
DEDOREBEPEW - TV D, T, HiE
fEshizmTHE (R Yy rrvay s
(B3, Ky E5 Ivorvue2 (M. £
W), Frorvny sz (3. 4] H5H

BE3hTwd, 3512,

(TEE (3w i—)]

DI AT A

TL LT RS E LT, W R

(GN-T CADA b— ) R SR (GN-1

CAD Y T 7)) HEESH TS,
{EEOwRNE [7 5

PEREEE I L TARLZ E HMAO LS 2hh,

CAD/CAMIZ X 2F¥ R 5 v 7 AN AL 5

NTWSBIEFMBLTCOATaEES,

<l

| OB

2. AT v—U T —1 (FHEE)
a) HERE

JEHRER IR 4 2 b L— 3 Soniie T,
STl AR E BEE O 2o Tna,
(2. Ak
b EHl I
U s L OB o5

FHE o (4 5) 1 L — Wi, ™
DL IIEXYF— 7N LizEEL? [GN-

I CADA b= ] T dti-dod £ 71
BEAE B 0 53 i 0 55 4 DB o A
FEL. 68 THE S 5A%0 1 #5402 d@ii =
B &GS A, GRS, L —SEr it
ZHE LTSS THERO A ¥ —
¥, o WTI8 Il S THME S (7.
7).

@d DR

o CTRR I B OTE D TER D A
TOHEEEAET SOHIEE o
BTz IR S e i o Bk %
a2 MR A THS (S ).,
B L—HE—AMEL, XY—F %%
FIBRI OB FZHr - TX. YIS o sk
CEFLTERRIS S (M7, £,

c) atifllgf:

AHI RIS 220y mTH B Fofn. &
W HERIOLE T L —FHE S35 & F
e FHIATC & v foah, BB 4 28
FEELATF (GN-T CADRA F— ) @iz

MLoR iz

SHI
i

b A A e

AT S

T @

13



SCIENCE

irregularly on the surface of the die to
be measured.

The time required for measurement is
about two minutes for each tooth. The
measurement range is (X = 20 mm) x
(Y =60 mm) x (Z=25mm).

PC (CAD) for design and software

1) Designing on the screen

The measured morphology of the abut-
ment teeth, adjacent teeth, and anta-
gonisticteethis displayed on the screen
as shown in Fig 9. As shown in Fig 10,
CAD offers many functions for draw-
ing in the design of the morphology.

2) Restoration options
At present, crowns, copings, and inlays
can be designed using the CAD system.

3) Major functions

a) Memory storage of the standard
crown model

When a crown is designed, the stan-
dard form of the crown is applied to
the abutment, and the form of the
crown is corrected on the screen, just
as corrections are made in the labora-
tory by applying and removing wax.
The user can freely save the basic data
on the morphology of the crown
model in the computer’s memory.

In practice, when one selects the den-
tition number of the location of the
abutment tooth to be restored with a
crown, the standard crown model
appropriate to the location is displayed
on the abutment tooth. The crown is
designed by correcting the morpholo-
gy of the standard crown model (Figs
11 and 12).

14

Fig 9 Display of scanning data on the
screen.

T ]
T 1 A J |
A oL || mameuze |
i R A/ Bl 1
B b ] 3 B
ek soron i o

Fig 10 Detailed description of the func-
tion of designing on the screen.

Fig 11 Selection and application of the
standard crown model in the intended
location (lingual view).

b) Automatic selection of the margin line
Taking advantage of the fact that mea-
surement data change in the margin
line, the area is recognized as the mar-
gin line of the prepared surface. In
design, the margin of the standard
crown model is aligned with the posi-
tion of the margin line (Figs 13 and 14).

¢) Setting the contact point of crown
madel and adjacent tooth

The position and size of the whole
crown model are adjusted to the mor-
phology of the crown model on the
screen and the contact point where the
crown model is adjusted to the prop-
er position. By doing this, the crown

Fig 12 Selection and application of the
standard crown model in the intended
location (occlusal view).

model comes into contactin the intend-
ed place, and the form of the crown
can be shaped smoothly (Fig 15).

d) Setting the contact point of crown
model and antagonist tooth

As with the adjacent tooth, the appro-
priate amount of contact (range of con-
tact) between the crown model and
the antagonist tooth is entered numer-
ically. The occlusal surface of the crown
model comesinto contactintheintend-
ed place, and polishing and the range
of contact can be adjusted automati-
cally (Fig 16).

International Journal of Computerized Dentistry 2002; 5: 11-23
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Fig 13 Automatic setting of the margin
line.

Fig 15 Determination and confirmation
of the position and range of the contact
point between crown model and the
adjacent tooth.
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Fig 14 Automatic adaptation of the
margin of the standard crown model.

Fig 16 Determination and confirmation
of the position and range of the contact
point between crown model and the
antagonist tooth.
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e) Setting the space for cement

In restorations with a cast crown, gen-
erally a 30 um space is created
between the cast crown and the abut-
ment tooth (which allows luting
cement to flow out) by adjusting the
spacer applied to the die and the
amount of shrinkage caused by casting.
Therefore, this system makes it possi-
ble to set the space for cement in
designing a crown (Fig 17).

f) Correction of the morphology
Morphological corrections, such as
those of bulging and depth of fissures,
can be made to blend with the mor-
phology of the surrounding area by
specifying the location to be corrected
(Figs 18 and 19).

Another feature of CAD is that it can
display the crown morphology in any
cross section desired. Thanks to this
feature, the thickness of the occlusal
surface (among others) can be inspect-
ed meticulously, and the depth of fis-
sures and the contour of ridges can be

adjusted properly (Fig 20).

g) Preparation of data for processing
After finishing the design of the mor-
phology of a crown, a remainder nec
essary for processing is provided with
the crown. As with a sprue on the cast
crown, the occlusal and proximal sur-
faces should be avoided.

The milling machine starts grinding the
material for processing automatically,
based on the morphological data,
including the rest. Therefore, data for
processing — which contain the infor-
mation about the selection of tools
suitable for each material used, proce-
dures for processing and other items —
are prepared automatically (Fig 21).

16

h) Data storage

All of the individual data used to make
restorations such as crowns are stored
and managed for later use, eg, for
remaking if necessary.

Milling machine

The milling machine weighs 200 kg and
is 1.6 m high. It uses common single-
phase AC 100V (50/60 Hz) as a
power supply (Figs 22 and 23).
There are a total of four processing
axes: three axes of the tool — x, y, and
z — and one rotating axis () of the
object ground.

The rotating speed of the spindle is
50,000 rpm. The milling machine auto-

Fig 17 Setting the space for cement.

Fig 18 Local deformation of the stan-
dard crown model (the location is
specified and the crown model can be
manipulated in the same manner as
application and removal of wax).

Fig 19 Adjustment of pits and fissures.

matically replaces the tool, corrects its
length, and monitors its longevity.
Diamond tools for composite and
ceramics and tools made of tungsten
carbide for titanium are available.
There are five forms for each tool
(Fig 24).

These tools have been set in the “tool
post” on the milling machine in
advance. When processing, the tools
are automatically changed and used
according to the program (Fig 25).

Materials processed
Three kinds of restorative materials

are available: especially developed
composite, ceramic, and titanium

International Journal of Computerized Dentistry 2002; 5: 11-23



Fig 20 The thickness is confirmed in Fig 21 A remainder necessary for pro-
cross section and it is possible to adjust  cessing is provided with the crown
ridges and other anatomical features. form for which design has been com-

pleted. Data for processing are auto-
matically prepared based on these mor-
phological data.

Fig 22 Milling machine (processor) of Fig 23 Interior structure of
Dental CAD/CAM GN-1 (see Fig 2 as the milling machine.
well).

Fig 24 Tools used for processing. Fig 25 Tools which have been set in
the tool post for automatic processing.

International Journal of Computerized Dentistry 2002; 5: 11-23
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blocks (Fig 26). Each block is fixed on
the standardized support table. The
block is fixed in the specified position
of the milling machine.

There are three sizes — large, medium,
and small —for each of the three kinds
of blocks, which meet the require-
ments for the processing of almost all
crown forms that are anticipated.
Seven colors based on Vita Shade (Vita
Zahnfabrik, Bad Sackingen, Germany)
are available for composite and ceram-
ic blocks.

Clinical application

The method of making crowns using
GN-1, which is used routinely in our
university hospital, is described here.

Preparation of the abutment tooth
The three points for preparing the
abutment tooth properly for making
the crown using the CAD/CAM sys-
tem are:

1) The abutment tooth should be pre-
pared in a form that is as simple as pos-
sible.

2) A dlear, continuous margin line
should be created.

3) The line angle should be rounded.

These points are required in the con-
ventional method as well, but are more
strictly required in the CAD/CAM sys-
tem.

The decisive difference between the
CAD/CAM system and the lost wax
casting method is that in the
CAD/CAM system, data on the abut-
ment tooth and crown must be pre-
pared on the computer. To do this, the
morphology of the abutment tooth,
the basis data for obtaining, must be
measured accurately; GN-1 employs

18

the noncontact laser measurement
method. In order to measure the abut-
ment tooth accurately, the measure-
ment of the cylindrical coordinate sys-
tem should be made so that the beam
is as perpendicular to each surface of
the abutment tooth as possible. In par-
ticular, the area corresponding to the
margin of the crown should be mea-
sured with a small measurement pitch
and high precision. It is important to
prepare the abutment tooth in a form
that is as simple as possible to prevent
measurement error, and smooth the
tooth surface as much as possible. The
chamfer (thickness is different from
material to material) is the most appro-
priate margin form of the crown.

Impression taking and development
of a model

In the development of a working
model, a removable model is made
using black stone (CAD stone), devel-
oped especially for this purpose. At
present, silicone impression material is
used due to its compatibility with
stone.

Measurement and CAD

When a crown is designed, the most
appropriate crown form is selected
from the data on several crown forms
which have been stored in memory,
and adjusted on the screen until it fits
the abutment tooth (Fig 27). Usually
this is done using the data of the stan-
dard crown (Fig 28). However, users
can prepare their own data on crowns
and store them in memory easily if they
wish.

To make the design of a crown easier,
it is most effective to use the patient's
own data on the crown form. There-
fore, we used the patient's data from
the crown form of the corresponding
tooth in the other quadrant of the

Fig 26 Crowns which have been
processed using three kinds of process-
ing materials (left: composite block;
middle: ceramic block; right: titanium
block).

Fig 27 Measuring data of abutment
tooth.
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Fig 28 Designing of the crown.
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same jaw, designed a crown, and
applied it clinically. For instance, when
the right crown is restored, it is possi-
ble to measure the morphology of the
left crown, reverse the measurement
data, and use them as data for restora-
tion of the right crown, if the left crown
is healthy and morphologically normal.
The patient needed restoration of the
right maxillary first molar (Fig29) with
afullcrown. The patient's own left max-
illary first molar remained (Fig 30).
First, the abutment tooth, adjacent
teeth, and antagonistic teeth were
measured. The crown form of the left
maxillary first molar was also mea-
sured. The measurement data were
reversed and stored in memory as the
standard model for the design of the
crown of maxillary right first molar
(Fig 31). Using the standard model
data, a crown was designed, and data
for processing were prepared to make
a crown (Fig 32).

Milling

The datafor processing are transferred
from the computer through a LAN or
floppy disk. It is possible to install the
measurement/CAD system and the
milling machine in separate places. In
our hospital, the CAD system is in the
laboratory, and the milling machine is
in the laboratory workroom, because
the milling machine requires ventila-
tion.

The GC Corporation sells only the
measuring machine and CAD system
as a satellite lab pack. Their core labo-
ratories, which are in two locations in
Japan and have the processing system,
are now providing the service of mak-
ing crowns based on the data for pro-
cessing (which are sent via the Inter-
net) and returning them to their
customers.

The time required for processing a

20

Fig 29 Maxillary right first molar.

crown depends on the material milled
and the morphology of the crown; it is
about 30 to 60 minutes for composite
crowns, 60 to 120 minutes for ceram-
ics, and about 60 minutes for titanium.

Correction of the contour and pol-
ishing

We often hear that people expect
crowns made by the CAD/CAM sys-
tem to need little adjustment. Techni-
cally, the CAD/CAM system can meet
this expectation satisfactorily, but
when we demand more precision than
necessary, then time and cost will
become problems. A basic experiment
with this system showed precision
within 50 pm in the margin area.
Because measurements are made on
the working model in the current GN-
1, itis necessary to correct the contour
and polish to some degree on the
working model. However, the blocks
used have high workability, because
they were manufactured in an ideal
state at a factory. Especially for ceram-
ic and composite blocks, the final pol-
ishing can be done easily.

Fig 30 Healthy maxillary left first molar.

Fig 31 Standard model for designing
crowns which has been stored in mem-
ory.

Cementation

The adhesive resin cement Linkmax
(GQ) is used to cement the crown to
the abutment tooth. A different kind
of primer, depending on the material,
such as ceramics and composite resin,
is supplied with Linkmax., Itis necessary
to treat the surface of each crown
strictly according to the instruction
manual.

Figures 33 and 34 show clinical cases.
In clinical cases of composite resin and
ceramics, the materials used in GN-1
have an esthetic disadvantage inherent
to a single layer, because the pre-mold-
ed block is processed by grinding. In
many clinical cases, however, the
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Fig 32 Finished crown (left: model; right: patient).

Fig 34 Clinical cases of ceramic (#44, 45).
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esthetics of materials is satisfactory in
premolars and molars, and patients are
satisfied. Materials used in GN-1 have
excellent physical properties and have
high wear resistance. We expect that
esthetics can be improved by staining
on the surface of the crown and appro-
priate use of cement color.

Why do we need CAD/CAM now!?

The long-established lost wax casting
method is an excellent method of mak-
ing crowns. It is not easy to establish a
new and better production system.
However, the lost wax casting method
has limitations and disadvantages
caused by casting. Under the current
medical insurance in Japan, we have to
depend on specified precious metals.
The recent price of precious metals is
extremely unstable, and we must con-
tinue to use materials about which we
have no clear prospects in term of
price. CAD/CAM may be a good sub-
stitute as one of the strategies to over-
come this situation.

The Japanese government and the pri-
vate sector are working together to
move Japan toward becoming an
advanced nation in the field of IT. It is
anticipated that the information tech-
nology revolution will completely
change the environment surrounding
dentistry. In dentistry, it is necessary to
use the CAD/CAM system effectively
to keep up with the technical revolu-
tion and not become a victim of the dig-
ital divide (disparity in information).
The CAD/CAM system has many
problems to be solved, such as prepa-
ration of data on dentition, integration
of these data into data on mandibular
movement, and analysis of occlusion.
However, there is no doubt that the
application of computers in dental dis-
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ciplines will contribute to the develop-
ment of dentistry as a wholeinthe 21st
century. Q
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