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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Dental CAD/CAM systems have been successfully used for the fabrication of indirect dental restorations
such as inlays, crowns and bridges. The accuracy of these restorations is one of the most important
factors for their clinical success. This document provides standardized test methods to evaluate the
machining accuracy of computer-aided milling machines which are used as a part of dental CAD/CAM
systems and the information to be provided by the manufacturer. Flow charts of the test methods are
given in Figures A.1 and A.2.

There are two methods using metal dies or software to evaluate machining accuracy of the target

t radrion (o) Tl oo oo b ol & oot o Lo 1d b lactad + alaata tlbha o ool o oo ~
restqy aCTOTI(S )+ LIchCT OT D0t cCS T Tt T o S SOt ot S Cre et trtOCvaraa cC e ITa CITiiT g ac .uracy.
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Dentistry — Test methods for machining accuracy of
computer-aided milling machines

1 Scope

This document specifies the test methods to evaluate the machining accuracy of computer-aided milling
macl . T T forrs, suth as inlays,
crowns and bridges.

ormative references

The following documents are referred to in the text in such a way that some or all of their content
consfitutes requirements of this document. For dated references, only(the edition cited |applies. For
unddted references, the latest edition of the referenced document (inclitding any amendmenpts) applies.

ISO 1942, Dentistry — Vocabulary
[SO 18739, Dentistry — Vocabulary of process chain for CAD/CAM-systems

3 Terms and definitions

For the purposes of this document, the terms and\definitions given in ISO 1942, ISO 18}39 and the
following apply.

ISO gnd [EC maintain terminology databases-for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available athttps://www.electropedia.org/

3.1
computer-aided milling machine
computer-aided machining’device designed for subtractive manufacturing of dental prostheses using
rotary instruments fer.cutting and grinding

3.2
blank
matdrial to.be'vhachined by a computer-aided milling machine (3.1)

Note [l £0 entry: A blank can be a block (3.3) or a disc (3.4).

3.3
block
cuboidal material with holding device to be machined by a computer-aided milling machine (3.1)

3.4
disc
flat circular-shaped material to be machined by a computer-aided milling machine (3.1)

3.5
stock material
material blanks (3.2) that are in stock to be machined by a computer-aided milling machine (3.1)

©1S0 2023 - All rights reserved 1
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4 General

There are two methods to evaluate accuracy of the target restoration(s). The accuracy of target
restoration(s) shall be evaluated using one or both of the test methods described in Clause 5. The
test method(s) selected and corresponding results shall be provided in the instructions for use, the
technical manual or other means. When the machining accuracy is affected by the material, appropriate
material(s) shall be tested. Testing shall be performed on each material type that the manufacturer
indicates for use by the device. The metal die method (5.1) is a measurement method based on the
marginal adaptability of a machined restoration to a master die. Measurements obtained using this
method can be used to assess the adaptability at restoration margins. The software method (5.2) is
a measurement method based on a comparison of the scanned file of a milled restoration to a master

manufacturng file using reverse engineering software. Measurements obtained using this methogl can
be used to assess restoration margin, intaglio and external surface accuracy.

5 Test methods

5.1 Meta] die method

5.1.1 Target restorations

Three typeq of restorations are the targets of this test method:

a) class Il inlay,

b) crown, and

c) four-unjtbridge.

Choose the|restoration type(s) specified in the manufacturer’s instructions for use and techfnical
manual. If any of the restoration types are not specified by the manufacturer’s technical manual fqr the
equipment heing tested, this restoration type shall be eliminated from the test procedure.

NOTE This test method is designed by adopting the same principle as the examination method of cljnical
marginal addptation. The clinical adaptation\is ‘examined by checking the discrepancy between the restorjation
and the cavity margin or between it and the'shoulder margin of the abutment.

5.1.2 Apparatus

5.1.2.1 Mgetal dies

Two types ¢f metal dies given in Figure 1 (class II inlay) and Figure 2 (crown and four-unit bridge
dies) are used both:fer the preparation of three-dimensional data (manufacturing data set) ang the
evaluation df the'accuracy of restorations. Dies shall be constructed based on the drawings in Figlire 1
and Figure 2.These dies consist of a non-malleable base part and one or more removable structyre(s)
used for thelevaluationofaceuracy

The diameter of the removable occlusal part, measured at the transition between the occlusal part and
the abutment, shall be not less than the diameter of the abutment at this transition and the difference of
diameter shall be not more than 10 pm.

The surface roughness (S,) of the die, excepting the surfaces which do not come in contact with the test
specimens/machined restorations, shall be less than 2 pm. Refer to ISO 25178-2 and other parts for test
methods.

If a mark for reference point is necessary, either a groove or a ridge, or both, may be placed on the part,
but shall be placed so as to not influence the evaluation of the results.

© IS0 2023 - All rights reserved
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The removable occlusal part and removable shoulder are used for preparation of three-dimensional
data, but not used for evaluation of accuracy.

NOTE An example of the machining device to fabricate the dies is VERTICAL CENTER NEXUS 410B1).

Dimensions in millimetres
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Figure 1 — Die for class Il inlay specimen

1) VERTICAL CENTER NEXUS 410B is the trade name of a product supplied by Yamazaki Mazak. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.
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Dimensions in millimetres
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The recommended size of the height of the removable shoulder is (3,6 + 0,05) mm.

Figure 2 — Die for the crown and bridge specimen
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5.1.2.2 Measuring devices used for metal dies

Measuring devices with accuracy of <2 um shall be used for measurement of metal dies (5.1.3).
Coordinate measuring machine (CMM) can be useful to measure the size of a die.

NOTE An example of a CMM is America Strato-Apex 5742).

5.1.2.3 Measuring devices used for discrepancy measurement

Measuring devices with accuracy of <5 pm shall be used for discrepancy measurement in 5.1.4. Three-
dimensional measuring microscopes, displacement meters and digital micrometers can be used.

5.1.3 Measurement of metal dies

Each| die shall be measured using a measuring device specified in 5.1.2.2 to confirm thg shape and
dimgnsions specified in Figure 1 or Figure 2. The specified dimensions of constructed die necessary
to priepare CAD data shall be measured in accordance with Annex B. The nteasured datalare used to
preppre the three-dimensional data (see 5.1.4).

In cgse of a metal die for crown and bridge specimen, the height of the removable shqulder (h in
Figure 2), and the height from the upper surface of the removable shoulder (Key 4 in Figure 2) to the
uppelr surface of the removable occlusal part (Key 3 in Figure 2) shall be measured.

5.1.4 Preparation of three-dimensional data

5.1.4.1 General

The qurface to be in contact with the metal die of each specimen type is determined by the mgasurements
of the dies made in 5.1.3. The external surfacesof each specimen type are determined by 5.1.4.2 and
5.1.443.

5.1.4.2 Class Il inlay

The phapes and sizes of test spetimen of class Il inlay shall conform to the cavity of m¢tal die (see
Figure 1). The occlusal and prgXimal surfaces shall be the same planes with the correspongling surface
of the metal die.

5.1.4.3 Crown andbridges

The $hapes and sizes of test specimen of the crown and the bridge shall conform to Figuje 3 (crown)
and Figure 4 (bridge). A mark to distinguish direction when placing the restoration on the metal die
shalllbe made.on the top surface of the crown. In case of bridges, the mark shall be magle on either
crown.

5 1 4 Pranarationof CAD d
& TGyt

K T roparatauiro T

To fabricate the target restorations, CAD data (STL data) for each of the restorations specified in 5.1.4.2
and 5.1.4.3 shall be prepared in accordance with Annex B. This CAD data shall then be processed by
CAM software to prepare the manufacturing data set.

The dimensions of any surfaces in contact with the die surfaces are obtained from the measuring
process in 5.1.3. Other dimensions are determined from Figure 3 and Figure 4.

The CAD data shall be prepared to ensure that the restoration meets the die without an allowance for
cement space.

2) STRATO-Apex 574 is the trade name of a product supplied by Mitsutoyo. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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Figure 3 — Test specimen of the crown
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Dimensions in millimetres
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Figure 4 — Test specimen of the bridge

5.1.§ Machining of restorations

The prepared mafufacturing data set shall be input into the computer-aided milling machipe following
the manufacturer’s instruction. The CAM software shall use the same configuration and|parameters
as is|usually~delivered. The target restoration shall be machined using the material specimen (blank)
following the manufacturer’s instruction.

NOTH ) A manufacturer refers to a natural person actually manufacturing a computer-aided milling machine,
or a natural person supplying necessary information to use the computer-aided milling machine.

The target restoration shall be the same size of the prepared manufacturing data set. CAM software
contains a scaling factor to compensate for shrinkage of material during an additional process such as
sintering. The CAM software scaling factor used in this test shall be 1,00.

This test is carried out using a computer-aided milling machine maintained according to the
manufacturer’s instruction.

The evaluation of accuracy (see 5.1.6) is carried out using the restoration without any after treatment
such as a sintering process. If any support structures are necessary for fabrication, they shall not be
positioned on the surface contacting the die and shall be removed before the measurement.

NOTE 2  Support structures are carefully removed using an appropriate rotary instrument such as a carbide
laboratory cutter.

©1S0 2023 - All rights reserved 7
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Fabricate six specimens for each of the target restorations.
5.1.6 Evaluation of accuracy

5.1.6.1 General

The accuracy of the restorations is expressed by the discrepancy between the margin of a restoration
and baseline (cavity margin for inlays and the abutment shoulder for the crown and bridge).

The measurement of discrepancy is carried out using a measuring device specified in 5.1.2.3. The
measured value shall be expressed in millimetre to three decimal places. After each measurement, the

surface of m

When two g
performed U

5.1.6.2 (I

Place the in|
centres of o
Remove the

V-shaped or
used for apg

If necessaryj

NOTE
and inlay spe

When the o
of the die c
in Figure 5
(proximal m
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expressed a

When the o
beneath the
(Key 1 in Fig
simultaneoy
margin and
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the inlay m3

For both cas
points for t

Figure 5 f)].
NOTE 3

etal die shall be cleaned to remove all particles and dust.

r more dies for each restoration type are prepared, evaluation of accuracy shall‘alwa
|sing restorations prepared from measurement data specific to that die set.

ass Il inlay

flay in the cavity of a metal die and apply a load of (25 + 1) N, distributed evenly o
cclusal and proximal surfaces simultaneously. Round edges of the leading tip are prefe
load after (30 + 1) s and examine where the margin of the inlay.is located.

M-shaped pressing device having inner corner of 90° and'width of (4,5 + 0,2) mm sh3
lying the load onto the occlusal and proximal surfaces.ef inlay simultaneously.

The use of weighing paper or a thin elastomeric sheét can be used at the interface of the loadi

cimen.

cclusal margin of the inlay is located.higher than the occlusal baseline (occlusal m
vity), measure the discrepancy between the inlay margin and the occlusal baseling
a)]. Similarly, when the proximal\margin of the inlay extends past the proximal bas
argin of the die cavity), measure'the discrepancy between the inlay margin and the pros
| in Figure 5 b)]. The measured values for both occlusal and the proximal discrepancie
5 positive values.

cclusal and proximalmargins of the inlay are located at the same level of the baseli
baseline, remove thebase part (Key 2 in Figure 5) and place the inlay in the removablg
ure 5). Apply alead of (25 + 1) N, distributed evenly on the occlusal and proximal sur
sly, and remeve’ it after (30 * 1) s. Measure the discrepancies between the occlusal
the occlusalbaseline [L,_ and Lg_ in Figure 5 c)] and between the proximal inlay m
cimal baseline [Lg_ in Figure 5 d)]. The measured values are expressed as negative valy
rgin isllocated at the same level of the baseline, the discrepancy is 0,000 mm.

2

s be

h the
rred.

11 be

the removable part of the inlay die should be retained with the fixation screw. See Figyre 1.

g tip

hirgin

[l_‘A+
eline
rimal
S are

he or
part
faces
inlay
hirgin
es. If

hree

eSymeasurements with and without base part, the measurement shall be carried out at {

€ occlusal diScrepancy [See FIgure 5 €)1 and at four points for the proximat discrepanc
A discrepancy shall be measured as horizontal discrepancy judging from the top.

cannot be precisely measured because of its poor focusing accuracy.

[see

When a measuring microscope is used, the discrepancy in the Z-direction in the vertical direction

The measured discrepancy data (three points for the occlusal discrepancy and four points for the
proximal discrepancy) of one inlay are averaged to represent the discrepancy of that inlay. Calculate
the average of the six representative discrepancy values and the standard deviations to express the
accuracy of the inlay.
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a) Occlusal discrepancy with base part b) Proximal discrepancy with-basg part
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@) Occlusal and proximal discrepancy d) Proximal discrepancy measurements without
measurements without base part base part
1 3
/ / 4 /1
> -
3 a
\
"
€)Measurement points for occlusal f) Measurement points for proximal discrepancy
discrepancy
Key
removable part
base part
inlay

L, discrepancy between the occlusal baseline and the inlay margin which is higher than the occlusal baseline
discrepancy between the occlusal baseline and the inlay margin which is lower than the occlusal baseline
Lg, discrepancy between the proximal baseline and the inlay margin which locates outside of the proximal baseline
discrepancy between the proximal baseline and the inlay margin which locates inside of the proximal baseline

Figure 5 — Discrepancy measurement of class Il inlay
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5.1.6.3 Crown

Remove the removable occlusal part (Key 3 in Figure 2) and the removable shoulder (Key 4 in Figure 2)
from the metal die. Place the crown on the abutment of a metal die (Key 2 in Figure 2) referencing
the mark which distinguishes the direction on the upper surface of crown, [see 5.1.4.3 and Figure 6
e)]. Each crown to be measured shall be oriented in the same direction. Apply a load of (25 + 1) N for
(30 £ 1) s, distributed evenly across the occlusal surface of a crown. The abutment of metal die used
for the preparation of design data shall be used. Remove the load and measure the apparent vertical
discrepancy without the removal part (Lg,) between the second baseline (Key 6 in Figure 6) and the
margin of the crown.

The apparer
distal, buccd

The vertical
(Key 3 in Fij
from Lg, W
discrepancy

tverticatdiscreparcy (LBy) strattbemreasuredat four pointstmargimat thecentreof my
1 and lingual surfaces) specified in Figure 6 e) for each crown.

discrepancy (Ly,, or Ly, in Figure 6) between the margin of the crown and the bas
bure 6) is obtained by subtracting the height of the removable shoulder (Key#in Figu
hen the crown margin is located higher than the baseline (Key 3 in Figute 6), the vel
[L4y. in Figure 6 a)] between the crown margin and the baseline is expressed as a pos

value. When the crown margin is located lower than the baseline (Key 3 in Figure 6), the vel

discrepancy
value. When

[L4y,- in Figure 6 b)] between the crown margin and the baseline is®expressed as a neg
the crown margin is located on the baseline, the vertical discrepancy is 0,000.

pdial,

eline
re 2)
rtical
itive
rtical
ative

The vertical discrepancy (L, or L, ) shall be averaged to represent(tite vertical discrepancy of that
crown.
When the crown margin is located higher than the baseline (Key'3 in Figure 6), calculate the lqteral
accuracy (Lj,,) using Formula (1).
When the crown margin is located lower than the baseline (Key 3 in Figure 6) or at it, calculatg the
lateral accuracy (L;,_) using Formula (2).
Lyx(D,—D
:d_MX 100 (1)
D, xh,
L, X[Dy, —D.
g==-2 Mx 100 (2)
I, xh,
where
D, isfthe diameter ofabutment at the baseline [see Figure 6 ) and d)];
Dy is the diameterof abutment at the top line [see Figure 6 c) and d)];
h, is the height of abutment [see Figure 6 c¢) and d)];
Ly isfheyertical discrepancy [see L, in Figure 6 c]];
L, isthevertical discrepancy [see L,,_ in Figure 6 d)];
g  isthelateral accuracy (L, or L, ) (%).

Calculate the average of the six representative lateral accuracies (%) and the standard deviation to

express the

10

accuracy of the crown.
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a) Yertical discrepancy, L,,,, measurement of — bJ Vertical discrepancy, ,,_, measyrement of
crown when its margin locates higher than the crown when its margin locates lower than the

baseline baseline or att
. A Lty_
D bogp—
Dh 2 Db 2
£ <
+>\ ,x
\T( \T(
1
c) Lateral discrepancy, L;,,, of crown d) Lateral discrepancy, L, ,,_, of ¢rown
l 2
5
— <

e) Measuremeént’points (margin at the centre of medial, distal, buccal and lingual gurfaces)

Key

S

1  1netal die second baseline (lower plane of the removable

shoulder)

| diass irala—ds 43
Crowtr ITIdI N U ulauusulau UIrcolivll

baseline (upper plane of the removable shoulder) D, diameter of abutment at the baseline

. height of abutment Dy diameter of abutment at the top line

SOS WN

s height of the removable shoulder which is the distance between the baseline and the second baseline

Ly, vertical discrepancy of crown when its margin is higher than the baseline, which is used as d in Formula (1)
Ly, vertical discrepancy of crown when its margin is lower than the baseline, which is used as e in Formula (2)
Ly, lateral discrepancy when its margin locates higher than the baseline

measured vertical discrepancy of crown without removable parts
Ly, lateral discrepancy when its margin locates lower than the baseline or at it

Figure 6 — Discrepancy measurement of the crown
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5.1.6.4 Four-unit bridge

Remove the removable occlusal part (Key 3 in Figure 2) and the removable shoulder (Key 4 in Figure 2)
from the metal die. Place both crowns on the abutments of a metal die (Key 2 in Figure 2) referencing
the mark which distinguishes the direction on the upper surface of the bridge, [see 5.1.4.3 and Figure 7
c)]. Each bridge measured shall be oriented in the same direction. Apply a load of (25 * 1) N, distributed
evenly across the occlusal surface of the two crowns for (30 + 1) s. The total load is approximately 50 N.

Remove the load and measure the apparent vertical discrepancy (Lj,) between the second baseline
(Key 4 in Figure 7) and the margin of the crowns.

The apparent

Figure 7 c]]

The vertica
(Key 3 in F
from Lp, T
the baseling
in Figure 7)
the vertical
as a positive
vertical dis(
a negative v

Obtain the 4
the discrepa

Calculate tH
express the

pf one bridge.
discrepancy (L, or L¢,_ in Figure 7) between the margin of the crown and the'bas
gure 7) is obtained by subtracting the height of the removable shoulder (A¢in Figu
ne vertical discrepancy (L, or Lg,_ in Figure 7) between the margin 6f the crown
(Key 3 in Figure 7) is obtained by subtracting the height of the remmvable shouldg
from Lp,. When the crown margin is located higher than the baselirg (Key 3 in Figu
discrepancy [LCy+ in Figure 7 a)] between the crown margin and.the baseline is exprg
value. When the crown margin is located lower than the baseline (Key 3 in Figure 7
repancy [Le,_ in Figure 7 b)] between the crown margin and the baseline is express
hlue. When the crown margin is located on the baseline, the'yertical discrepancy is 0,0

verage of the six measured values of vertical discrepaney (L, or L) in total to repr
ncy of that bridge.

e average of the six representative discreparcy values and the standard deviatig
accuracy of the four-unit bridge.

: [see

eline
re 7)
and
r (hg
e 7),
ssed
), the
bd as
00.

psent

n to

12
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L 3 ] L ]
\ AN
1 1
a) Discrepancy measurement when its margin b) Discrepancy measuréement when fits margin
locates higher than the baseline locates lower than the baseljne
5

\\ -

c)'Measurement points

base part

bridge

baseline (upper plane-of the removable shoulder)
second baseline (lower plane of the removable shoulder)
mark to distinguish direction

S0 s W N

%

height of the rerhovable shoulder which is the distance between the baseline and the second baseline
Ly, | vertical dis€repancy between the margin of the crown and the baseline
Lg,_ | verticaldiscrepancy between the margin of the crown and the baseline

y | apparent vertical discrepancy between the second baseline and the margin of the crowns

Figure 7 — Discrepancy measurement of the four-unit bridge

5.2 Test methods for software method

5.2.1 General
Four test objects are the targets of the test methods for software method:
a) crown,

b) shortspan bridge,
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¢) medium span bridge, and

d)

cross-arch bridge.

The crown specimen (see Figure 8) has similar dimensions and shape with respect to a molar crown
restoration. It is used as an example for crowns and other smaller-sized restorations. The three bridge
specimens are used to represent examples of short span (see Figure 9), medium span (see Figure 10)
and cross-arch bridges (see Figure 11) which can use different CAM software templates and challenge
the accuracy of the milling machine.

Milling machines can have restrictions on stock material dimensions and thus not be capable of milling

all bridge re

storation QpP{‘i mens

The crown
largest stoc
accepts smg
specimen is
compatible Y
three-unit H

specimen and the largest bridge specimen which fits in the dental mill manufacty
k material shall be used for accuracy evaluation. For example, if a machining(device
1 blocks for machining, and only the crown specimen fits in the block, then' the c
the only specimen milled and measured for accuracy. If the three-unit bridge fits in a |

ridge specimen (short span bridge) is milled and measured for accuracy. If a mach

device accepts large disc stock material for machining crowns and cross-archibridges, then the ¢

specimen af

The single d
The design {

d only the cross-arch bridge specimens is milled and measured‘or accuracy.

rown specimen has a diameter of about 12,9 mm, and a_height of approximately 10
s shaped like a sphere with a cylindrical section. The cylinder walls are conical with a

angle of 6° firom vertical. The wall thickness of the specimen is 1:3nm overall except for one flat j

which has a

The design

partly for pl
surfaces are
addition, on
axes.

The three-d
standards.if

wall thickness of 0,75 mm.

consists of curved surfaces and flat surfaces,*which are used partly for measuring
acing the support pins to connect the specimén to the stock material. The three latersa
used for attaching the pins. They are not eévenly distributed around the circumferen
e surface is larger and has a smaller wallthickness to allow clear orientation to the ma

imensional data (STL) of the specimen (see Table 1) shall be downloaded from: htt

to Figure 11|

0.org/iso/23298/ed-1/en, and shall not be generated from the drawings shown in Fig]

rer’s
only
fown
block

vith the machining device and is indicated by the device manufacturerythén the crown and

ning
fown

mm.
wall
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and
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re. In
rhine
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Table 1 — Three-dimensional data (STL) of the specimen

Specimen STL-file Used for
Crown_Specimen.stl Manufacturing
Crown_Specimen_Alignment.stl Alignment procedure
Crown Crown_Specimen_External.stl Analysis of external surface
Crown_Specimen_Intaglio.stl Analysis of intaglio surface
('rnwn_Qpprimpn_Perlinp stl Analysis of prpplinp-lsurface
Short_Span_Bridge_Specimen.stl Manufacturin|g
Short_Span_Bridge_Specimen_Alignment.stl Alignment,proceglure
Shorjt span bridge Short_Span_Bridge_Specimen_External.stl Analysis of’fexternal|surface

Short_Span_Bridge_Specimen_Intaglio.stl

Analysis,of intaglio purface

Short_Span_Bridge_Specimen_Prepline.stl

Analysis of prepline{surface

Mgdium span
bridge

Medium_Span_Bridge_Specimen.stl

Manufacturing

Medium_Span_Bridge_Specimen_Alignment.stl

Alignment proceglure

Medium_Span_Bridge_Specimen_External.stl

Analysis of externaljsurface

Medium_Span_Bridge_Specimen_Intaglio.st

Analysis of intaglio purface

Medium_Span_Bridge_Specimen_Prepliné:stl

Analysis of prepline{surface

Crogs-arch bridge

Cross_Arch_Bridge_Specimen.stl

Manufacturing

Cross_Arch_Bridge_Specimen_Alignment.stl

Alignment proceglure

Cross_Arch_Bridge_SpecimenliExternal.stl

Analysis of externaljsurface

Cross_Arch_Bridge_Specimen_Intaglio.stl

Analysis of intaglio purface

Cross_Arch_Bridge_Speeimen_Prepline.stl

Analysis of prepline{surface

5.2.21 Test object

5.2.2.1 Crown specimen

To d¢termine crown accuracy, the single crown test specimen (see Figure 8) shall be used.
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Dimensions in millimetres

A-A

43;8“ _ T
¥
=

i > N

lL/‘é\

a) Section A—A b) Bird’s eye perspective

10

{12,9)

©

d) Bottom view

c) Top view

Figure 8 — Crown specimen

5.2.2.2 SHhort span bridge specimen

To determine the short span accuracy, the short span bridge model (see Figure 9) is used for small $tock
machining devices. PTwo single crown specimens are connected with a bar and simulate a three-unit

bridge.
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Dimensions in millimetres

NOTH Shapes and dimensions of crown part are indicated in Figure 8.
Figure 9 — Short span bridge specimen for the small block (simulates three-unitbridge)
5.2.2.3 Medium span bridge specimen
To determine the medium span accuracy, the medium span‘bridge model (see Figure 10) is used for
machining devices which accommodate medium blocks. as’ stock material. The three single crown
specjmens are connected with two bars and simulate asix-unit bridge.
Dimensions jn millimetres
36
~.
~.
L
- ~.
L+ N~ __
N < \O
g ® QS?)
y oM _}_. =
~N
\Z//
NOTE Shapes and dimensions of crown part are indicated in Figure 8.

Figure 10 — Medium span bridge specimen for the medium block

5.2.2.4 Cross-arch bridge specimen
To determine the cross-arch accuracy, the cross-arch bridge specimen (see Figure 11) is used for

machining devices that accommodate large blocks or discs as stock material. The four single crown

specimens are connected with three bars and simulate a nine-unit bridge.
17
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Dimensions in millimetres
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o~ ~ 0o
@ 8 Q@?’
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©

NOTE Shapes and dimensions of crown part are indicated in Figure.8.

Figure 11 — Cross-arch bridge specimen for the large block or disc

5.2.3 Equlipment and apparatus

5.2.3.1 Mjlling equipment

The dental rhill under evaluation shall betised for milling the appropriate test objects. The system|shall
be operated during the tests in accordance with the instructions for use or technical manual supplied
with the equipment. If a specific fixture is required for milling a specific stock material, tests shall be
performed Using the appropriatefixture and material stock as recommended in the instructions for use
or technicallmanual supplied-with the equipment.

5.2.3.2 Mepasuring apparatus

The milled gpecimens shall be scanned or measured with a 3D measurement device such as a (MM,
optical scanjner of computed tomography (CT) scanner. The 3D measurement device shall hgve a
confirmed ac€uracy and resolution of less than 5 pm.

NOTE1 CMM is adevice defined by ISO 10360-1.

NOTE 2 America Strato-Apex 574 and Leitz PMM-C are examples of a suitable CMM products available
commercially. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of these products.

5.2.4 Machining of specimens

5.2.4.1 General

The three-dimensional data (STL) for manufacturing of each specimen (Crown specimen and largest
bridge specimen capable of being milled in the milling machine) - [Crown_Specimen.stl / Short_Span_
Bridge_Specimen.stl / Medium_Span_Bridge_Specimen.stl / Cross-Arch_Bridge_Specimen.stl] shall be
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imported or loaded into CAM software program for the machining device. Scaling of the stock material
shall be set to 1,0 for the purposes of this evaluation. Any post-processing steps such as sintering,
curing, crystallization, etc., which can change the dimensions of the machined specimens shall not be
performed prior to analysis. The CAM software version, machining template version and material shall
be recorded for each type of specimen machined and included in the test report. The CAM software shall
use the same configuration, templates and parameters as is normally supplied with the milling system.
The standard crown template shall be used to mill the crown specimen. The standard bridge template
if one is supplied with the system shall be used to mill the selected bridge specimen. Six specimens of

each

size as determined in 5.2.1 shall be milled for accuracy measurements.

5.2.42 Positioning in the stock material

The test specimens shall be placed into the stock material with the orientation of the large

with

orienfted in the Z+ axis. The bridge specimen shall be placed in the stock material With the o

all la

rge lateral planes with thin wall thickness in the X+ axis direction. See Figtire' 12.

If thg X+ axis direction of the milling machine is not known, or the size of stock material is n

to al

ow for orientation in the X+ axis, the specimen shall be placed iman’ orientation wh

to fif in the stock material. In this case, each specimen of the same siZe shall be placed
orientation in the stock material.

Use the machining device manufacturer’s recommendation forythe number of support pins
pin dize. Support pins shall be placed only on the plane lateral surfaces of the test specinpen as those
surfgces are not used for accuracy measurements.

Figure 12 — Large lateral plane oriented in the X+ direction

In or|der tosdetect local differences in machine accuracy, the six objects being milled sh3
distrjibuted throughout the stock material when a disc-type blank or a large block for ma

unit

stused. See Figures 13 a) and b).

ateral plane

thin wall thickness in the X+ axis direction. The occlusal surface of the crown specigen shall be

Fientation of

ot sufficient
ch allows it
in the same

and support

1l be evenly
re than one
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The manufa]

in accordan

5243 M

The stockm
milling mag

shall be use
calibration
calibration

instructiong.

5.2.4.4 Sy

After millin

milled objed

technical m

materials c4

5.2.5 Me{

»
LY
>

a) Crowns

b) Bridges

Figure 13 — Placement of crowns and bridges in the-disc-type blank

cturing data set for the specimens shall be calculated.and delivered to the milling ma
e with the milling machine manufacturer’s instructions.

lling of specimens

pterial shall be placed in the milling machine following the manufacturer’s instructiong
hine manufacturer’s recommended.stock material retaining screws, fixtures and to
l during the evaluation process. If.the equipment supplier/manufacturer specifies a sp
nterval or tool replacement interval which occurs during the course of the evalug
or tool replacement shall «be- done in accordance with the supplier/manufacty

ecimen removal

b the specimens Ghall be removed from the stock material. Follow the methods of rem
ts from stock\as outlined in the milling machine manufacturer’s instructions for u
hnual. Care-shall be taken in the removal and handling of the milled specimens as

n deform or fracture if handled inappropriately.

surement

thine

.The
poling
peific
tion,
rer’s

ving
e or
some

Measure the shapes and dimensions using the measuring apparatus (5.2.3.2).

Data collected shall include all internal and external surfaces of the specimens. Follow the 3D
measurement device manufacturer’s instructions for use and best practice to obtain 3D data sets of

each milled

specimen. Exact procedures will vary by the 3D measurement device manufacturer.

The data resulting from the measurements shall be converted to an STL format.

20
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5.2.6 Data alignment procedures

5.2.6.1 General

Prior to analysis, each measured or scanned STL object shall be aligned with the appropriate specimen
alignment STL. Reverse engineering or inspection software shall be used to align STL files.

Milling supports or sprue locations represent areas on the target specimens which have unique
contours or surfaces not part of the original reference STL. These surfaces shall be ignored during the
alignment and analysis processes. Therefore, in the STL-file for alignment, these surfaces have been
eliminated. See Figure 14.

>

a) STL-file for manufactur'as)gg) b) STL-file for alignment

.

Figure 14 — Aligh\e’nt data set using the short span bridge specimen

For dlignment, all surfac the alignment file (Crown_Specimen_Alignment.stl, Short_Span_Bridge_
Spec men_Alignment.s,@ Medium_Span_Bridge_Specimen_Alignment.stl, Cross_Arch_Bridge_
Spec men_Alignmq&?g) shall be used. Alignment shall be performed using an acceptable algorithm
such|as best fit/] square error. The position of the alignment file (Crown_Specimen_Alignment.stl,
Shor t_Span_Bri§t$pecimen_Alignment.stl, Medium_Span_Bridge_Specimen_Alignment.stl, Cross_
Arch| Bridg @ cimen_Alignment.stl) shall not change during the alignment process. Scanned STL
files pre a@d to the appropriate alignment STL file, i.e. scanned STL files move to the alignment-file
position:

NOT Geomagic Control and Qualify or GOM-Inspect are an examples of suitable reverse engineering or
inspection software programs available commercially. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of these products.

5.2.6.2 Alignment steps

For alignment of the alignment STL and scanned STLs, a reverse engineering or inspection analysis
software with a “Local Best Fit” or “Least Squares” algorithm is needed. This algorithm shall be
performed with all surfaces of the alignment STL. Depending on the software product, set maximum
distance for alignment to 0,5 mm to avoid aligning errors due to opposite walls, as the minimum wall
thickness of the specimen is 0,75 mm.

The algorithm aligns the objects by calculating the least square error between alignment STL and
scanned STL using all surfaces. In most cases, a rough pre-alignment shall be performed in advance.
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The following procedure is based on the example of the short span bridge specimen using the GOM-
Inspect software. Specific steps or terminology can vary with other software products, but the basic
procedure is the same.

— Step 1: Import the alignment STL and scanned STL (not aligned).

— Step 2: Perform pre-alignment.

Make [sure that after alignment the lateral planes of alignment
STL and scanned STL point in the same direction.

— Step 3:| Select all surfaces of alignment STL for precision-
alignmgnt (local best fit).

Set the maximum distance to 0,5 mm.

— Step 4:|Run main alignment with local best fit algorithm on
selected surfaces.

311

After the abpve steps, the alignment STL and scanned STL have been aligned and the analysis procgdure
can be perfqrmed. This alignment process shall be repeated for each specimen.

5.2.7 Datp analysis procedure

5.2.7.1 Géneral

The prerequisite for the analysis procedure is the correct alignment of the scanned STL. During the
analysis, the deviation between the specific analysis STL and scanned STL is calculated for all surfaces
of the analysis STL using the analysis software. In the analysis software, the analysis STL shdll be
identified a$ the reference or original object file. The scanned STL shall be identified as the “tegt” or
“challenge” pbject file.

The analysis software calcilates the deviation using the following algorithm.

— Each surface is.fepresented by a group of triangles. Each selected surface consists of a subget of
trianglds that describe the area. To calculate the total error of the area, the distance between|each
trianglg of/the reference object surface and the closest corresponding surface on the test object in
a perpendicular (normal) direction is computed. The distances of all triangles are cumulated to
determine a mean or average distance and a standard deviation.

— Depending on the software product, set the maximum distance to 0,5 mm to avoid analysis errors
due to opposite walls, as the minimum wall thickness of the specimen is 0,75 mm.

— Depending on the software product, set the maximum deviation of normal to 30°.

— Depending on the software product, perform the analysis on reference data.

5.2.7.2 Specimen intaglio surface
Select the analysis STL file for the intaglio surfaces (Crown_Specimen_Intaglio.stl / Short_Span_Bridge_

Specimen_Intaglio.stl / Medium_Span_Bridge_Specimen_Intaglio.stl / Cross_Arch_Bridge_Specimen_
Intaglio.stl) to determine the mean or average distance and the standard deviation for the intaglio
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surface. Perform the analysis step and document the computed mean deviation and standard deviation
of the selected surface. See Figure 15.

The
Insp
proc

q

q

5.2.7

Seled
Brid
Spec

=0 6 6

Figure 15 — Analysis data set for intaglio surfaces using the e@f)le of
the short span bridge specimen q.:b

bdure is the same. <<

tep 1: Import the analysis STL for intaglio surfaces. ThQscanned
TL shall be aligned in accordance with 5.2.6.2. 5\0\

®®

tep 2: Select all surfaces of analysis STL. @
N
xO

$tep 3: Perform inspection step orﬁﬁﬁcted reference surface.
Set the maximum distance t§0‘()9

Set the maximum devi&) of normal to 30°.

$tep 4: Save the mea1@c‘curacy (average value of discrepancy) and

tandard deviatim\%lues.

3 Specin@noexternal surface

tthe a is STL file for the external surfaces (Crown_Specimen_External.stl / Short]
pe_Specimen_External.stl / Medium_Span_Bridge_Specimen_External.stl / Cross_ArcH
. External.stl) to determine the mean or average distance and the standard deviaf

exte

a) STL-file for manufacturing b) STL-file for intaglio a&‘ii;)Jis

following procedure is based on the example of the short span %@e specimen using the GOM-
ect software. Specific steps or terminology can vary with othef software products, I

ut the basic

| Span_
_Bridge_
ion for the

d standard

surface. Perform the nnnlyqiq step and document the rnmpnfpd mean deviation a

deviation of the selected surface. See Figure 16.
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a) STL-file for manufacturing b) STL-file for external analysis

Figure 16 — Analysis data set for external surfaces using the example of Q’L
the short span bridge specimen
Q)‘b

The following procedure is based on the example of the short span bridge speci ébqﬁsmg the (GOM-

Inspect softfjware. Specific steps or terminology can vary with other software 1ﬁ«lcts but the pasic

procedure i$ the same. %
AN

— Step 1:| Import the analysis STL for external surfaces. The S
scanned STL shall be aligned in accordance with 5.2.6.2. Q<<
\\Q

— Step 2: $elect all surfaces of analysis STL. G\Q “
%
&
— Step 3: Perform inspection step on selected refere@@ surface. “
Set the maximum distance to 0,5. Y

N

Set t:[ maximum deviation of norma@()ﬂ

— Step 4: Save the mean accuracy (a@sage value of discrepancy)
and standard deviation values.

5.2.7.4 Specimen margin ([éa-lme) surface

Select the analysis STL fil %che margin (prep-line) surfaces (Crown_Specimen_Prepline.stl / Shprt_
Span_Bridg¢_Specimen < line.stl / Medium_Span_Bridge_Specimen_Prepline.stl / Cross_Arch_
Bridge_Specimen_Pt@Z@he.stl) to determine the mean or average distance and the standard deviafion
for the margin (pr e) surfaces. Perform the analysis step and document the computed mean
deviation arjd s’@hd deviation of the selected surface. See Figure 17.

O O

a) STL-file for manufacturing b) STL-file for margin (prep-line) analysis

Figure 17 — Analysis data set for margin (prep-line) surfaces using the short span bridge
specimen
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The following procedure is based on the example of the short span bridge specimen using the GOM-
Inspect software. Specific steps or terminology can vary with other software products, but the basic
procedure is the same.

— Step 1: Import the analysis STL for margin (prep-line) surfaces. “

The scanned STL shall be aligned in accordance with 5.2.6.2.

— Step 2: Select all surfaces of analysis STL.

q

5.2.9

5.2.9

$tep 3: Perform inspection step on selected reference surface.

Set the maximum distance to 0,5.
Set the maximum deviation of normal to 30°.

tep 4: Save the mean accuracy (average value of discrepancy)

and standard deviation values.

Calculation of total errors

.1 Discrepancy values

The |discrepancy values (mean and standard deviation) of intaglio and external surfa
reported separately:

a) 9
b) 9

c 9

5.2.9

pecimen intaglio surfaces;
pecimen external surfaces;

pecimen intaglio margin (prep-line) surface.

.2 Calculation of total values for all six specimens

The total mean value and\the total standard deviation shall be calculated from all si

spec
This
The {

[a N1

mens.
shall be done fopnall three surfaces [a), b), c]] separately.

otal mean.value (average) shall be calculated based on Formula (3):

1 N
S, 2

res shall be

¥ fabricated

(3)

ld =1 1 T

where

e istheresulting mean value;

e.:

A

; Istheindividual error of the analysed surface on specimen i;

; istheindividual area size of the analysed surface on specimen i;

N  is the number of specimens, therefore N = 6.

This area size can either be measured within the analysis software or be provided in Table 2.
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Table 2 — Area sizes

Surf Crown Short span bridge | Medium span bridge | Cross arch bridge
urface
mm? mm? mm? mm?
intaglio 300 600 900 1200
external 310 530 780 1010
margin (prep-line) 35 70 105 140
The total standard deviation shall be calculated based on Formula (4):
1 N
D S A
y- ] =1 1 -
where
o is|the resulting standard deviation;
o; is[the individual standard deviation of the analysed surface on specimen i;
e is[the resulting mean value;
e; is{the individual error of the analysed surface on specimen<;

is|the individual area size of the analysed surface on.specimen i;

N is|the number of specimens, therefore N = 6.

6 Testreport

6.1 Gene
Examples of
The test rep|

a) name of
(includg

b) intende
c) Interna

d) test mel

ral information
test reports are given in Annex C.
ort shall contain at least the following information:

computer-aided milling machine (include serial number of the machine) and CAM soft
version numberianid machining template version details);

d target resteration, for example, inlay, crown, bridge;
fional Standard used (i.e. [SO 23298:2023);

hodwsed (e.g. die method, software method);

ware

e) tested material and its lot number (batch designation);
f) type of milling bur/tool and its condition (e.g. period of service);
g) specific information specified in 6.2;

h) evaluation method and results (i.e. results, including a reference to the clause which explains how
the results were calculated);

i) any deviations from the procedure;
j) any unusual features observed;

k) date of test;
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1) date of report, name and signature of the test inspector.
6.2 Specific information

6.2.1 Die method
The test report shall contain at least the following information:
a) dimension of the die used and device for die dimensional measurement;

b) device for evaluating accuracy of restoration;

c) averaged characteristic accuracy values specified in 6.3.1.

6.2.1 Software method
The fest report shall contain at least the following information:
a) device and software for evaluating accuracy of milled restorations;

b) ¢alculated mean and standard deviation of discrepancy meastrements for each spgcimen type
milled (crown, short span bridge, medium span bridge, cross¢arch specimen) specified|in 6.3.2.

6.3 | Averaged characteristic accuracy values
6.3.1 Die method

6.3.1.1 Inlay specimen (see 5.1.6.2)

The test report shall contain at least the following information:
a) o¢cclusal accuracy:

1) average value,

2) standard deviation;

b) proximal accuracy:

1) average value;

2) standard‘deviation.

6.3.1.2 €rown specimen (see 5.1.6.3)

A tegt réport shall contain at least the following information:

a) average value of lateral accuracy;

b) standard deviation of lateral accuracy.

6.3.1.3 Bridge specimen (see 5.1.6.4)
The test report shall contain at least the following information:
a) average value of vertical accuracy;

b) standard deviation of vertical accuracy.
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6.3.2

The test report shall contain at least the following information:

a)

b)

28

intaglio

Software method

discrepancy in millimetre:

1) average value,

2) standard deviation;

externa

1 discrepancy in millimetre:

1) ave
2) stal
margin
1) ave

2) stal

age value,

ndard deviation;

Fage value,

ndard deviation.

(prep-line) discrepancy in millimetre:
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Flow chart of test method

A.1 Die method
Table A.1 — Flow chart of the test method for the die method
Test method subclauses Steps of the test method Remarks

Target restorations

Selection of types of restorations

l

U1
—
[\S]

Apparatus

Preparation of die

|

a)J A die consists of a bage part and

removable part(s).
b) Each die shall be pre

pared based

on the shape and dimengions of
applicable figure (see 5.1.2.1).

Measurement of diménsions and
surface roughfiess of die

a) The dimensions of each die shall
be measured using a megsuring

device with an accuracy

bf +2 pm.

b) The surface roughnegs (S,) of die,
excepting the surfaces which do not

come in contact with the

test

specimens/machined regtorations, is

less than 2 um.

Preparation of

b-dimensional data

Preparation of three-dimensional
data set of restoration

l

a) Three-dimensional data set shall
be prepared for each target restora-
tion using the dimension}s measured
in the “measurement of flimensions
and surface roughness off die” step.

5.1.§ Machining of a) The prepared three-¢flimensional
restgrations Machining of restoration data are input into the cpmputer-
aided milling machine.
l b) Target restorations ghall be
machined.
5.1.4 Evaluation of Each restoration shall be evaluated

accuracy Evaluation of accuracy using the same die used for the
preparation of three-dimensional
data.
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A.2 Software method

:2023(E)

Table A.2 — Flow chart of the test method for the software method

Test method subclauses

Steps of the test method

Remarks

5.2.1 General

Selection of types of restorations

l

.2.2 Test obfject

Download of three-dimensional
data set of restoration

l

The three-dimensional data set
(design data set) (STL) for the
target restoration shall bé
downloaded from theISO$erver.

specimens

5.2.4 Machirling of

Machining of restoration

l

—

a) Milling equipment specified
5.2.3.1 shall bé used.

b) Targetrestorations shall be
machined\(see 5.2.1, 5.2.4).

.2.5 Measurement

Measurement of machined
restoration

l

Each machined specimen shall pe
measured using an appropriate
3D’measurement device with an

accuracy and resolution of #5 pm or

better (see 5.2.3.2).

5.2.6 Data al
procedures

procedure

fignment

5.2.7 Data anjalysis

5.2.8 Calculdtion of total

Evaluation of adcuracy

&

a) Align scanned STL file to th
corresponding alignment STL file
(see 5.2.6.1,5.2.6.2).

b) Perform the deviation measjure-

ments using each correspondinig
analysis STL file (see 5.2.7.1 to

errors 5.2.7.4).
c) Calculate the errors for each
surface (see 5.2.8).
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Annex B
(normative)

Measurement of die set(s) and preparation of CAD data of target

B.1

A CM

mea

shall

The

appr

The

restoration(s)

General

M shall be calibrated in accordance with the instructions provided by the manifac
uring. If CMM consists of a probe contacting the object, the diameter of tip,contactin
be 1,0 mm or less.

q

metal die shall be fixed on the measuring table. A reference point,shall be regist
bpriate point on the metal die, and then the x-axis, the y-axis and the,Z-axis shall be re

flesign data set of restorations shall be prepared using the measured value of metal dig.

furer before
g the object

ered on the
bistered.

accordance
s at the four
tored in the

B2 a)].
b)].
.2 c)].

er surface of

vity floor of

ps d) and e).

a plane [see

B.2 | Metal die for class II inlay

B.2.1 Measuring procedures

Meagure the coordinate values of planes of the metal die shown in Figure B.1 using CMM in

with|the following procedures. The coordinate walues of the x-axis, the y-axis and the Z-axi

points of each plane or truncated cone shape-shown in Figure B.2 shall be measured and s

CMM.

a) Measure the coordinate values atthe upper surface of metal die as a plane [see Figure

b) Measure the coordinate values.at the cavity floor of metal die as a plane [see Figure B.2

c) Measure the coordinate(values at the gingival floor of metal die as a plane [see Figure H

d) Measure the coordifate values at the cavity wall 0,5 mm to 1,0 mm below from the upp
metal die as a truncated cone shape [see Figure B.2 d)].

e) Measure the‘coordinate values at the cavity wall 0,5 mm to 1,0 mm upper from the c4
metal die-asfa truncated cone shape [see Figure B.2 e)].

f) Deterinine the shape of truncated cone from the coordinated values obtained in the ste

g)

h) Measure the coordinate values at the right axial wall of metal die as a plane [see Figure B.2 f)].

i) Measure the coordinate values at the pulpal wall of proximal cavity of metal die as
Figure B.2 g)].

j) Measure the coordinate values at the proximal surface of metal die near the cavity as

Figure B.2 h)].

© IS0 2023 - All rights reserved
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Figure B.1 — Measuring planes on metal die for class Il inlay
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c) Side view

left axial wall of cavity

right axial wall of cavity
pulpal wall of proximal cavity
proximal surface
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e) Cavity wall near cavi@(ﬂoor f) Axial walls of cavity
<

Figure B.2 — Measuring points on the die for class Il inlay

B.2.2 Calculation of the sizes for class Il inlay

Calculate the specific values shown in Figure B.3 necessary to determine the shape of class Il inlay from
the coordinate values of planes or truncated cone shape obtained in B.2.1. Normally, the specific values
are calculated by the calculation algorithm installed in CMM. If difficult, they may be calculated with

the following procedure.
a) The isthmus width (By) is calculated as the distance from the intersection point of planes a, e and h
and that of planes a, f and h. These planes are designated in Figure B.1.
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b)

f)

g)

h)

B.2.3 Preparation of CAD)data

The taper of left axial wall of cavity (T,) is calculated as the angle between the plane a and the
plane e in Figure B.1. The taper of right axial wall of cavity (T}) is calculated as the angle between
the plane a and the plane fin Figure B.1.

The radius at the upper side of half truncated cone (Ry() is calculated as the radius of upper circle
of truncated cone which is formed by the curved surface d and the plane a in Figure B.1.

The horizontal depth of occlusal cavity (H,) is calculated as the distance between the intersectional
point between the plane a and the centre line of truncated cone and the intersectional line between
the plane a and the plane h in Figure B.1.

The distance between cavity floor and gingivq] floor (dru) is calculated as the vertical distance

between the plane b and the plane c in Figure B.1.

The depth of gingival floor (Hgp) is calculated as the distance between the plane a and thgyplang cin
Figure B.1.

The width of gingival floor (Bgg) is calculated as the distance between the intérsectional pojnt of
the plarles c, e and h and the intersectional line of the planes c and g in Figure.B.T.

The tapgr of pulpal wall of proximal cavity (T;) is calculated as the anglé\between the plane ¢ and
the plarle g in Figure B.1.

o]
a
j S

a) Bird's eye view b) Side view

Figure B.3 — Specific values for class Il inlay

Prepare thq data set of<target restoration with the values calculated in B.2.2 using the following
procedures.| There shall be no spacer or cement gap between the values determined in B.2.2 angdl the

target restofation.

Prepare the|data set of 3D model which is designed using the values calculated in B.2.2 in accordance

with the fol oWIngpt ocedutres:

a)
b)

<)

d)

f)

34

Draw the upper surface of inlay using B}, Ry¢ and H [see Figure B.4 a)].

When the value B; is larger than twice of the value Ry, a little step exists at intersectional point.
Eliminate the step by a circle with a corner radius of 0,5 mm [see Figure B.4 b)].

When the value B, is lower than twice of the value Ry, a little step exists at intersectional point.
Eliminate the bulging area from rectangle [see Figure B.4 c]].

Extrude the sketch and make solid body with the height Hgp, [see Figure B.4 d)].
Draw a rectangle having the value B; as a width and the value B as a length [see Figure B.4 e)].

Extrude a solid body with the height dp, [see Figure B.4 f)].
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g) Make an angle at the sub body [see Figure B.4 g)].

h) Subtract the sub body from the main body [see Figure B.4 h)].

i) Make the angles T, and T at the main body’s side area [see Figure B.4 i)].

j)  Setthe fillets with a corner radius of 0,5 mm at the edge shown in Figure B.4 j).

HOE
W g /

S
"
w4

a) Upper surface b) Intersectional point between axial wﬁ!(})and truncafed cone

y O

&

Y
Q)\
)
c) Bulging d) Solid body. $ €) Solid body 2 f) Solid body 3
\
)

O.

g) Sub body \ h) Subtraction i) Angulation j) Fillets

?99 Figure B.4 — Design data set for class Il inlay
RS

B.3 l\cil)ﬁ&] die for the crown and bridge

B.3.1 Measuring procedures

Measure the coordinate values of planes or surfaces of the metal die shown in Figure B.5 using CMM in
accordance with the following procedures. Left and right abutments shall be measured independently.
The coordinate values of the x-axis, the y-axis and the Z-axis at the four points of each plane or surface
shown in Figure B.5 shall be measured and stored in the CMM.

a) Allremovable parts shall be fixed prior to measurements.

b) Measure the coordinate values at the upper surface of base part of metal die (see Key 1 in Figure B.5)
as a plane [see Figure B.6 a)].

c) Measure the coordinate values at the outer surface of removable shoulder as a surface of cylinder
[see Figure B.6 b)]. The four measuring points shall be located (90 * 5)°.
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d)

f)

g)

h)

Key

Ul s W N =

36

Measure the coordinate values at the upper plane of removable shoulder (see Key 4 in Figure B.5)
as a plane [see Figure B.6 c)]. This plane will be the margin area of crown.

Remove

the removable shoulder. Measure coordinate values at the plane between removable

shoulder and abutment part (see Key 5 in Figure B.5) as a plane [see Figure B.6 c)]. This plane will

be the b

aseline during accuracy measurements.

Measure the coordinate values at the base plane of abutment part (see Key 6 in Figure B.5) as a

plane.

Measure the coordinate values at the occlusal surface of abutment (see Key 3 in Figure B.5) as a

plane.

Measur
cone sh
from th
0,5 mm

b the coordinate values at axial surface of abutment (see Key 2 in Figure B.5) as atrufn¢ated
ape [see Figure B.6 d)]. The four measuring points are located 0,5 mm to 1,0 mm HYelow
e occlusal plane of abutment and (90 + 5)°. Another set of four measuring poifits-are lo¢ated
to 1,0 mm upper the plane between removable shoulder and abutment part,and (90 %|5)°.

L5

upper surface of base part of metal die 6 _\‘base plane of abutment part
axial surface of abutment 7> base part of metal die
occlusal purface of abutment A leftabutment

upper plpne of removable shoulder (marginarea) B  right abutment

plane befween removable shoulder and abutment

part

Fig

ure B.5 — Measuring planes and surfaces on metal die for crown and bridge
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Do

a) Upper surface of base part of metal die b) Outer surface of removable shoulder

B.3.
Calc

c] Upper and bottom planes of removable d) Axial surface of abutment

shoulder

Figure B.6 — Measuring points on metal die for the crown and bridge

2 Specific values for the crown and bridge

late the specific values shown in Figure B.7 necessary to determine the shape of th¢ crown and

bridge from the coordinate values of planes, surface or truncated cone shape obtained in B.3|1. Normally,
the dpecific values are calculated by the calculation algorithm installed in the CMM. If difficult, they

may pe calculated as following procedures.

a)

d)

f)

he removable shoulders@nd the removable occlusal parts shall be fixed to the abutment part of
etal die prior to measuréments.

he height of abutment (H,, and Hg, in Figure B.7) shall be calculated as the distarjce from the
pper plane of removable shoulder (see Key 4 in Figure B.5) and the occlusal surface pf abutment

see Key 3 inFigure B.5).

he inclination of the central axis of the truncated cone shall be calculated. The inclinations are the

ngle between the projection line of the centre line for the Y—Z plane and the y-axis [¢,, or ¢p,),

ndthe angle between the projection line of the normal line for the Z—X plane and the 7-axis (¢ 0r

50 The angles ¢, and ¢, are the inclination of the left abutment of metal die. The anigles ¢, and
¢py are the inclination of the right abutment of metal die [see Figure B.7 b)].

The diameter of abutment at the occlusal surface (D,; and Dy, in Figure B.7) shall calculated as
the diameter of circle formed by intersecting the outer surface of the truncated cone (see Key 2 in
Figure B.5) and the occlusal surface of the abutment (see Key 3 in Figure B.5).

The diameter of abutment at the upper plane of removable shoulder (D,, and Dg, in Figure B.7)
shall be calculated as the diameter of circle formed by intersecting the curved surface and the
plane. The curved surface is the outer surface of the truncated cone (see Key 2 in Figure B.5) and
the plane is the upper plane of removable shoulder (see Key 4 in Figure B.5).

The height of cylinder (H,5 and Hgs in Figure B.7) shall be calculated as the distance from the base
plane (see Key 6 in Figure B.5) to the upper plane of removable shoulder (see Key 4 in Figure B.5).
The cylinder consists of the removal shoulder and a part of abutment of metal die.
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