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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

A variety of ceramic blank materials are being used in machining systems for fabrication of various
restorations. Although all these materials can have different chemical and microstructural makeup,
there are some unique and common concerns for machining and performance of these materials.
Machining damage, minimum machined thickness, and machining tolerances all are common concerns
for these materials.

The overwhelming use of zirconia and alumina is in the form of green or partially sintered blanks with
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included in this document, however when assessing possible biological or toxicologi

refer
this

ge values of 20 % to 35 % by volume when sintered to full density. In order for the

e computer controlled milling unit. This allows for proper oversizing and shrinkag
ccurate fit. Furthermore, the blank should be homogeneous throughout the(hody
Fential shrinkage occurs resulting in significant warping and departure from/linearity

respectto glass ceramics, a subset requires crystallization post-machiningduring whig
ccur placing the machined part out of the tolerance specified for the\restoration. Al
bt is machined in the crystallized state that can cause significant machining damage 4
erties of the material.

machining process can cause surface and subsurface damage that can decrease

e achieved with the machining process and affect the acédracy of the final part with rq
hal designed dimensions.

document provides guidance for evaluating the.effects of machining on ceramic m
nsional changes occurring after crystallization® and after sintering, and assessing
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INTERNATIONAL STANDARD

ISO 18675:2022(E)

Dentistry — Machinable ceramic blanks

1 Scope

This document specifies test methods for machinable ceramic blanks used for the fabrication of dental

fixed

restorations. This document also specifies the contents of the test report.

2 lLIormative references

The
cons
undg

ISO 1
ISO 6

3

For {
folloy

ISO 4
— 1
— 1

3.1

3.1.1
felds
inorg
silic

3.1.2

poly
dent
poro

following documents are referred to in the text in such a way that some or:all of t
fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any’amendme

942, Dentistry — Vocabulary

872, Dentistry — Ceramic materials

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 1942, I1SO 6
ving apply.

nd IEC maintain terminology databases for use in standardization at the following adgd

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

EC Electropedia: available at https: /fwww.electropedia.org/

Materials

pathic ceramic
ranic, non-metallicmaterial which is predominantly a glassy material that consists
tes with either petassium, sodium or calcium

mer infiltrated ceramic
h] ceramiewhich is an interconnected network of a ceramic and polymer formed by inf
Lis ceramic network with a monomer

heir content
applies. For
hts) applies.

B72 and the

Iresses:

f aluminum

Itration of a

3.1.3

zirconia

ZrO
2

oxidized form of the metal zirconium (Zr), exhibiting three well-defined crystal structures (polymorphs
or phases) that can be monoclinic, tetragonal or cubic

3.1.4

glass ceramic
material manufactured by melting a glass, cooling it to the amorphous state, forming nuclei by controlled
heat treatment and then growing the nuclei into the crystalline phase(s) by a second controlled heat
treatment
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3.2 Properties

3.2.1

homogeneity
degree to which the density and properties are uniform throughout the entirety of the dental blank

3.2.2

shrinkage factor
volumetric or linear change in dimension during sintering of a green blank (3.3.1) or a partially sintered
blank (3.3.2) as labelled with a bar code or stated in the packaging

3.2.3

warpage
degree to w
flat surface

3.2.4

machining
effect on suj
or device

3.2.5
crystallizat

hfter final sintering to full density or post machining processing

damage
face and sub surface structure occurring during machining the blankto form the final

ion distortion

hich sections of the fully dense blank (3.3.3) or partially sintered blank (3.3.2) has(a unifform

part

change in dimension of the machined part due to crystallization fromya“glass or a partially crystalllized

glass ceram

3.2.6
minimum 1
minimum tH

3.2.7
machinabld
piece of mat
desired part

3.3 Type
3.31

green blank

blank in wh

3.3.2

partially si
blank which
with improy

c to a fully crystallized glass ceramic

nachined thickness
ickness that an intact part can be machined £rom a given blank of material

t ceramic blank
erial subjected to subtractive methods to remove material from the piece leaving the

5 of blanks

ch powder has Been pressed or cast to form the structure

ntered blank

ed,mechanical properties but that is still porous and not fully dense

3.3.3
fully dense

blank

final

has been’subjected to heating to cause partial sintering of the blank resulting in a hlank

blank which has been subjected to heating to cause full sintering of a ceramic powder to achieve full
density such as feldspathic, leucite and glass ceramic materials

3.4 Testpiece

3.4.1
merlon

free standing wall of the test piece after the milling
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4 Homogeneity of partially sintered zirconia blanks

4.1

Classification

For the purposes of this document, machinable ceramic blanks shall be classified into the following
types:

— type 1: green blank (3.3.1);

— type 2: partially sintered blank (3.3.2);

—

4.2
4.2.1

4.2.1

Blan
bridg
prov

Mill 4
2) ug

—

— 1

ype 3futty demse btamk{3-3-37-
Determination of the shrinkage factor, d
Blanks characterized by one shrinkage factor for all three dimensions in spacg

.1 Bar-size test specimen — Large zirconia blanks

ks of this type are discs and blocks that can be used to fabricate a wide variety of
rework, mostly covering multiple units up to full arches (if indicated by the manufact
ded zirconia material).

ive bar-size specimens with the following dimensions,w, b; and [;, out of the original
ing the same thickness (e.g. 18 mm):

wvidth for specimen 1, w; = (7,5 £ 2,5) mm;

hickness for specimen 1, b; = (7,5 + 2,5) min;

— length for specimen 1, [; = (60 + 10) mm:

Widt
with

NOTH
andd

Dete
in al
devig
valug

Aftel
recoj

h and thickness can vary withinthe given limits. However, it is advised to manufactu
a square cross section to furtherimprove the reproducibility of the measured shrinka

oes not include the surfade of the blank.

'mine the exact dimensions (atleast £0,005 mm) of the milled partially sintered zirconi
three directions-in space by using a calibrated micrometre screw gauge or another
e accurate to-at least +0,005 mm. Repeat each measurement three times and calculate

 for all three‘directions in space respectively.

wardsssititer all five specimens according to the manufacturer’s instruction for us
mmendations for correct sintering support of the specimen).

crown- and
urer for the

blank (type

re specimen
ge factor.

The specimen is positioned evenly within the blank geometry (avoid milling in extreme edige locations)

A specimens
appropriate
the average

e (including

mina tha dimanciane of tha fally olnfnrar] Zivreania cnacimanc in A1l thyrao diraction

Dete

T et T O oo o O T t—Toiry e C O 72 o o p et o ot o C T T CoroTT

, width, w,,

thickness, b,, and length, I,, in space (at least £0,005 mm) by using the calibrated mlcrometre screw
gauge or another appropriate device accurate to at least 0,005 mm to yield the following values: w, b,
and [,.

Finally, calculate the resulting shrinkage factors, d, for all three directions in space with an accuracy of
atleast atleast 0,001 mm by using the following formulae:

— shrinkage factor width, d , = w;/w,;

— shrinkage factor thickness, d, = b;/b,;

— shrinkage factor length, d,= 1, /I,.
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Calculate the average shrinkage facto

1:
davl = (d

2022(E)

r,d

» Yaw

for each bar-size specimen by using Formula (1) for spec

witdpy +dy) /3

imen

M

Calculate the final average shrinkage factor of the large zirconia blank by averaging the individual
results of all five test bars as given in Formula (2):

dav = (dav

1t dav2 + daVS + dav4 + davS) / 5

(2)

Compare dy

An example
to fabricate,
and are usu

Randomly ¢
the outer di

Ensure that
program by
within the 4
in the final 1

Ifitis uncer

fabricate smaller specimens (with the dimensions as definedZn this subclause) and sinter thosg
g the

specimens (§
sintering pr
specimen ag

If the charad
wy, by and [
the dimensi

- W1 = (7,
- bl = (7,E
— [ 22x

Width and
specimen w
factor.

The dimens

b =l o/ | 1 DY S I | el L b £ =l - 1.1 1
; LU LIICT ULTTILIAT VdIutT Stditl Uy LIIT 4 IIuldL iUl Tl 10T LT g1IvVEIT UldITR.

of a resulting shrinkage factor, d,,, is 1,229 5. Blanks of this type are blocks and can'be
for example, three-unit bridges (medium-size blanks) or single crowns (small-size blz
h1ly supplied in various (block-size) rectangular geometries.

hoose five partially sintered zirconia blanks of the same lot of a given geometry, deter
mensions and sinter them to complete density.

the provided energy of the sintering furnace which follows the originally supplied sint
the manufacturer, ensures complete sintering and guarantees(elimination of all poro
xamined blank. Details concerning the characterization of<the used furnace shall be §
eport (see 4.4).

Fain that the large zirconia block can be sintered to fall'density in the available furnace

pne specimen per zirconia blank, five blanks overall) to complete the density by usin
pgram as provided by the manufacturer. Always apply appropriate sintering support g
cording to the manufacturer’s recommendation.

terized zirconia blank does not allow, the fabrication of test specimen with the dimens
, (because the outer dimensions of the blank are too small), the manufacturer may m
bns of the test specimen as follows;

b +2,5) mm;
+2,5) mm;
w, (or = 2 x by, whichever is larger).

fhickness may. vary within the given limits. However, it is advised to manufactur
th a square_ctoss section to further improve the reproducibility of the measured shrin

ions ofthese individual test specimens shall be reported (before and after sintering

4.4).

used
inks)

mine

bring
bities
riven

then
five

f the

ions,
bdify

e the
kage

, see

Finally, calculate the resulting five shrinkage factors with an accuracy of at least +0,005 mm following
the routine and formulae and compare to the values stated by the manufacturer for those five individual
zirconia blanks.

4.2.1.2 Cubic test specimen

Mill five cubic specimens each with the dimension 10 mm x 10 mm x 10 mm out of the originally
partially sintered blank using a common thickness (e.g. 18 mm).

Determine the exact dimensions (atleast £0,005 mm) of the milled partially sintered zirconia specimens
in all three directions in space by using a calibrated micrometer screw gauge or another appropriate
device accurate to at least £0,005 mm. Repeat each measurement three times and calculate the average
value for all three directions in space respectively.

© IS0 2022 - All rights reserved
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Afterwards, sinter all five specimens to complete the density according to the sintering program
provided by the manufacturer in the official instruction for use (including recommendations for
correct sintering support of the specimen). If necessary, adjust the sintering program slightly to ensure
complete elimination of any residual porosity.

Determine the volume before sintering (vgg) and after sintering (v,g) for each individual cube.
The shrinkage factor for each specimen (dy) is the volume before sintering determined as given in
Formula (3) (here, it is given for cube 1):

dyy = (Vgs1/ Vas1)'/3 3)

wherte

qy1 is the shrinkage factor for specimen 1;
¥ps1is the volume before sintering for specimen 1;
Vas1is the volume after sintering for specimen 1.

Calcyllate the resulting five individual shrinkage-factors of the cubes“with an accuracy of at least
+0,005 mm.

Calcyllate the final average shrinkage factor of the large zircepia blank by averaging the individual
results of all five test cubes as given in Formula (4):

dy = (dyy +dyy +dyz +dy, +dys) / 5 4)

Compare d, to the official value stated by the manufacturer for the given blank. An egample of a
resulting shrinkage factor dy is, for example, 1,229 5.

4.2.1.3 Medium and small-size zirconia blanks

Preppre specimens by sectioning five fandomly selected blanks into cubes 10 mm x 10 mjm x 10 mm.
Mark each cube for the x, y and zsides. Determine the exact dimensions (at least +0,005 mm) of the
millgd partially sintered zirconia specimens in all three directions in space by using p calibrated
micrpmetre screw gauge or(another appropriate device accurate to at least £0,005 mm. Repeat each
meagurement three timesand calculate the average value for all three directions in space rfespectively.

Aftefwards, sinter allfive specimens to complete density according to the sintering program provided
by the manufacturér in the official instruction for use (including recommendations for corrg¢ct sintering
suppprt of the.specimen). If necessary, adjust the sintering program slightly to ensufe complete
elimjnation of any residual porosity.

Detefmine the volume before sintering (vgs) and after sintering (v,s). The shrinkage f3ctor (dy) is
determined as given in Formula (5) for each cube:

dy = (VBS/VAS)1/3 (5)

Calculate the resulting five shrinkage factors with an accuracy of at least £0,005 mm and compare to
the values stated by the manufacturer for those five individual zirconia blanks.

4.2.2 Blanks characterized by two or three shrinkage factors

For discs, when shrinkage factors are indicated by the manufacturer for x, y, and z direction, the
shrinkage factor shall be measured in each direction (bar-size specimen) or 4.2.1.2 (cubic specimen). It
shall be ensured, that the x-y-z direction of the milled test specimen correctly reflects the x-y-z direction
defined by the manufacturer.

© IS0 2022 - All rights reserved 5
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For each of the five specimens milled per large blank, the following individual shrinkage factors per

specimen, d

x1’

dy; and d

z1l’

(BS) and after sintering (AS)]:

d,, shrinkage factor x direction specimen 1, x;g5/X1 s’

d,

d

z

1 shrinkage factor y direction specimen 1, y;55/V1as

1 shrinkage factor z direction specimen 1, z;g5/Z 55

result [here, it is given for specimen 1, length determined before sintering

Calculate the resulting average shrinkage factor in x, y and z directions with an accuracy of at least

+0,005 mm by averaging all five specimens and applying Formula (6) (here, it is given for x direction):

dx = (dxl

Compare d,,

For blocks,
shrinkage f4
in 4.2.1.1) o1

For each of {

factors, d,;,

+ de + dx3 + dx4 + dxlS) / 5

d, and d, to the official value stated by the manufacturer for the given blank,

when shrinkage factors are indicated by the manufacturer for x, y, and’z directiong
ctor shall be measured in each direction by applying a rectangular geemetry (as desc
a cubic test geometry (see 4.2.1.2).

he five individual specimens (that are independent of each otHer), the following shrin

d,; and d,,, result [here, it is given for specimen 1, length determined before sintering

and after sintering (AS)]:

d

X

d,

d

z

1 shri
1 shri
1 shri

Calculate th
at least 0,0
the five indi

4.3 Recol

If the assorf

hkage factor x direction specimen 1, X, gs/X1 o
hkage factor y direction specimen 1, y;ps/V1as
hkage factor z direction specimen 1, z;g5/Z3 4%

e resulting shrinkage factors in x, y and@directions for each specimen with an accurg

vidual blanks.

mmendations

ment of a manufacturer.comprises different sizes of partially sintered zirconia blan
ve [large (L), medium (M), small (S)], a characterization of at least one blank geometr
k (L/M/S) shall beperformed.

report
ntation-efthe test shall include at least the following information:

ame; name of manufacturer, colour (if applicable), type of zirconia (if applicable),

(6)

, the
ribed

kage
(BS)

cy of

05 mm after the comma and compaxie-to the values given by the manufacturer for each of

ks as
y per

bther

pristics:

haracterized zirconia blank (L, M or S, if applicable);

lot number of each characterized blank;

mensions of an original (partially sintered) blank as provided by the manufacturer;

blank or milled specimen;

dimensions of test specimen after sintering;

(specimen one to five milled out of the same large zirconia blank — see 4.2.1.1);

defined abo

type of blan

4.4 Test1

The documes

a) brand 1
charact

b) sizeofc

c)

d) outerdi

e)

f)

g)

6

dimensions of partially sintered test specimen used to determine shrinkage factor, either original

resulting shrinkage factors for large zirconia blanks (if applicable): d,,, d,,1, dav2 dav3r davar days
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h)

j)

k)

)

5.1

5.1.1 Large zirconia blanks

ISO 18675:2022(E)

resulting shrinkage factors for medium- and small-sized zirconia blanks (if applicable): d, 4, d,,,
d,y3 dyya dgys (Specimen one to five resulting from five different medium- or small-sized zirconia

blanks — see 4.2.1.3);

for large zirconia blanks, report comparison of d,, to the official shrinkage factor provided by the
manufacturer for the characterized blank(s);

for medium- and small-sized zirconia blanks, report the comparison of d,, d,,1, d,y2) day3) dayar days
to the official shrinkage factors provided by the manufacturer for each of the five characterized

blanks;

for blanks determined using the cube methaod report ﬂv d“, dv; dva, HV*I HVD and compare them to
the official value reported by the manufacturer;

for blanks with shrinkage values reported by the manufacturer in x, y, and z directions, report
the specimen shrinkage values for each direction d,y.s, d,y_5 d,;.5, report the comparison of the
gverage values, d,,, d,,, d,,, to the official shrinkage factor provided by the‘'manufacturer for the
¢haracterized blank(s);

av’
iftails concerning the characterization of the furnace used for firing of the spefimens (e.g.
anufacturer, brand name, applied sintering program, used sintering support);

¢haracterization (e.g. manufacturer, brand name, accuracy}<of the micrometer gauge or another
dppropriate device used to perform all necessary length measurements;

International Standard used (including its year of publication);
method of fabrication and measurement of test specimens;
any deviation from recommended test procedure and unusual features observed;

dlate of test.

Warpage

Test method

Blanks of this type (diameter of 98 mm * 10 mm, thickness of at least 10 mm) can be used tp fabricate a
widel variety of crown and bridgework, mostly covering multiple units up to full arches (if jndicated by

the manufacturer-for the provided zirconia material).

Mill five bar-size specimens out of the original blank according to the following dimensiong:

yidth: (10 + 1,0) mm;

thickness: (2 £ 0,5) mm;

length: (70 + 2,0) mm.

Afterwards, sinter all five specimens to complete the density.

An engineer’s parallel block metallic ruler is then placed in alignment with all four sides of the fully
sintered ceramic bar in such a way that (in case a warpage occurs) the two ends of the bar touch the
ruler, whereas the “middle section” shows no contact to the block (see Figure 1).

©1S0 2022 - All rights reserved 7
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Key
X

¢ clearanc

Determine t
or another
microscope

Calculate th
1):

ey =(cq/

Calculate t}

Formula (7))

€av = (61

5.1.2 Me(

2022(E)

difference of the length between two ends of the ceramic bar on the ruler

e between ruler and maximum point of warpage
Figure 1 — Scheme of warpage, e

he values of “c” and “x” as defined in Figure 1 by using a calibrated micrometer screw g
hppropriate device with an accuracy of at least £0,005 mm. Alteriatively, use an o
or laser scanning methods.

e warpage, e, in percentage by applying the following formula,(here, it is given for spec
x;) x 100
le final warpage by averaging the individualresults of all five test bars as givg

+e,+e;+te,+es) /5

lium- and small-size zirconia blanks

Blanks of this type can be used to fabricate, for example, three-unit bridges (medium-size blg

or single ci
geometries.

Mill five bar]

—  wis wid
b is thid

— lisleng

owns (small-size blanks] and are usually supplied in various (block-size) rectan

-size specimens outof the original blank according to the following dimensions:
th, (6,0 £ 0,5)mim;
kness, (2,0,% 0,2) mm;

th, 12:n1m to 35 mm.

Afterwards

auge
tical

imen

b in

(7)

inks)
rular

sinter all five specimens to complete density.

Determine warpage for each of the five individual test specimens (e, e,, e3, e4, €s) as described in 5.1.1.

5.2 Recommendations

If the assortment of a manufacturer comprises different sizes of partially sintered zirconia blanks as
defined above [Large (L), Medium (M), Small (S)], a characterization of at least one blank geometry per
type of blank (L/M/S) shall be performed.
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Test report

The documentation of the test shall include at least the following information:

a)

b)

c)
d)

e)

f)
g)

h)
i)
j)
k)
1)

6

6.1

brand name, name of manufacturer, colour (if applicable), type of zirconia (if applicable), other

characteristics;
size of characterized zirconia blank (L, M or S, if applicable);

lot number of each characterized blank;

outer dimensions of original partially sintered (type 2) blank as provided by the manufacturer;

:tescription (dimensions) of partially sintered test specimen used to determine war
riginal blank or milled specimen as described in 5.1.1 and 5.1.2);

fesulting warpage (of fully sintered test specimen);

¢haracterization of the furnace used to perform the sintering (e.g. manufacturer, I
applied sintering program, used sintering support);

¢haracterization (e.g. manufacturer, brand name, accuracy) of the micrometer gaugg
dppropriate device used to perform all necessary length- (or distance-) measurements

International Standard used (including its year of publication);
method of fabrication and measurement of test specimens;
dny deviation from recommended test proceduré@nd unusual features observed;

dlate of test.

Dimensional stability post machining crystallization of glass ceramic

General

Many dental glass ceramic materials are subject to one or more heat treatment steps afte
process. Although no sintering shrinkage is to be expected, a small shrinkage can occu
crystallization distortion, or relaxation processes. In addition, during heat treatment a
the glassy matrix can‘éad to geometrical deformation. The test is to ensure that the sh
deformation is withiiitolerable limits.

6.2

Test method

6.2.1 -Sample preparation

page (either

rand name,

or another

 the milling
" because of
softening of
rinkage and

For each test, mill five rectangular specimens out of five original bIocKs from the same 10t (0
per block). Specimens can also be prepared by saw cutting. If different colours are available, select the
colour most commonly used. If there are different block sizes available, the biggest block size shall be
used for the test.

The milled bar-size specimens shall have the following dimensions:

w=(6,0 £ 0,5) mm;
b=(2,0+£0,2) mm;

[=12 mm to 35 mm.

ne specimen

The length shall be as long as is practical for the given block size. A typical value for a crown block is
14 mm. A typical length for a bridge block is 30 mm.
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Width and thickness can vary within the given limits. However, the dimensions shall be constant over
the length so that the sample can serve as a reference before heat treatment. That means the width and
the thickness shall not vary by more than 0,050 mm over the length.

Determine the dimensions and the flatness of each specimen before and after heat treatment. To prevent
deformation of a glass ceramic, the firing cycle and the temperature homogeneity of the furnace is of
great importance. Therefore, the firing cycle, the firing tray and the supporting structure shall be in
accordance with the manufacturer’s recommendation. The heat treatment of the specimens shall be
performed at the highest recommended temperature. If multiple heat treatments are recommended,
the highest number of heat treatments shall be performed.

6.2.2 Characterization before heat treatment

6.2.2.1 Dimensions

Determine fhe exact dimensions (at least £0,005 mm) of the milled glass ceramic spéeimens in three
directions i space by using a calibrated micrometer screw gauge or another appropriate device.

Repeat eacl measurement three times. Measure thickness, length and widthcon-both ends and ip the
middle of the bar. Calculate the mean value and the difference between the maximum and the minimum
value for all|three directions respectively to get the following values:

— w,, is mean width;

— b, is m¢an thickness;

— [, is mefn length;

— Aw,, is the difference between the maximum value afid the minimum value widths;
— Ab,, is the difference between maximum value and the minimum value thickness;
— Al is the difference between maximum value and the minimum value length.

The differerjce between maximum and minimium Aw,,, Ab,, and Al,,, ideally shall be less than 0,050/ mm.
Discard and|replace all specimens that do'not meet dimensional requirements.

6.2.2.2 Flatness
Flatness is defined as the smallest distance between two parallel planes which envelop the surfacg.

Measure the flatness t@fthe original specimen on one marked side of the bar [Figure 2a)] by the
optical scan|method. S¢an the surface and measure using a scan of 50 points x 50 points (50 lines|{with
50 measuring dots each). Scan the whole surface, but exclude a small rim of less than 0,5 mm. Fit the 3D
raw data by|leastisquare method and run a Gaussian low pass filter to remove the roughness effects.

The surface| shall be flat within 0,005 mm [Figure 2b)], so that the sample can serve as a reference.
Discard all other specimens. Optical measuring system specifications are an xy direction measuring
range of 150 mm x 100 mm, a z direction measuring range of 600 pum, a lateral resolution of 2 pm, and
vertical resolution of 6 nm.

NOTE An example of an automatic optical measuring equipment is MicroProf® 100/200(FRT GmbH)1).

1) MicroProf® 100/200(FRT GmbH) is an example of a suitable product available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO
of this product.
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ls

a) Specimen for flatness determination

b) Illustration of the definition of flatness

6.2.3

Appl
man;
spec
of g1
spec

6.2.4

6.2.4

Aftel
spec
appr

Reps¢
midd

vidth I, scanned length after heat treatment
canned width after heat treatment b  thickness
ength t flatness
Figure 2 — Specimen dimensions for flatness determination-and flatness defin
Heat treatment
y heat treatment to all five specimens according to. the sintering program prov

hfacturer in the official instruction for use (including.vecommendations for correct sy
men). It is advised to stand the specimen on its long narrow side. This will reduce t
avity. After crystallization, steam clean the specimens or clean in an ultrasonic b
mens cool down to room temperature beforeineasuring the final dimensions.

Characterization after heat treatment

.1 Shrinkage factor

heat treatment determine the exact dimensions (at least 0,005 mm) of the milled g
mens in three directionSin space by using a calibrated micrometer screw gauge
bpriate device.

at each measurement three times. Measure thickness, length and width on both end
le of the bar. Caleulate the average for all three directions respectively to get the follov

1, is mean width for heat treatment;
1, is meanrthickness for heat treatment;

is mean length for heat treatment.

ition

ded by the
pport of the
he influence
ath. Let the

ass ceramic
or another

s and in the
ving values:

Finally calculate the resulting shrinkage factors, d, for all three directions, d,, d,, and d,, in space with
an accuracy of at least £0,005 mm by using the following formulae:

— d,, is shrinkage factor width, w,, /wy;

— d, is shrinkage factor thickness, b,,/by;

— d,is shrinkage factor length, [, /1.

©ISO

2022 - All rights reserved
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Calculate the average shrinkage factor for each bar-size specimen by using the following formula (here,
it is given for specimen 1) according to Formula (8):

dyy1 = (dyg +dyy +dpy) /3 (8)

Calculate the final average shrinkage factor of the glass ceramic by averaging the individual results of
all five test bars according to Formula (9):

dav = (davl + dav2 + davS + dav4 + davS) / 5 (9)

EXAMPLE T

: 02 is
av 4
relevant for the fit and is considered in the milling software as enlargement factor for the digital model.

It is also possible to measure the shrinkage factor by measuring the density after milling 1|, and ffter
heat treatmpent ry,. The density can be measured using the buoyancy method or with th@pycnometer
method. The linear shrinkage factor d can be calculated from the density valies' according to

Formula (10):
d=r,/r|0/3) (10)

6.2.4.2 Dimensional stability

Measure th¢ flatness ¢, of the marked side of the bar in the sameiway as described in 6.2.2.2 for the
original (mi|led) specimen.

Calculate the dimensional stability d, in relation to the length-of the diagonal of the scanned surfage.

dst = th/ W52+152)0'5

where

is the dimensional stability;

t, isthe flatness of milled specimen after heat treatment;

. is the scanned width afterheat treatment (see Figure 2);
I, is the scanned length-after heat treatment (see Figure 2).

Measure angl calculate dy¢for all five specimens (dg; - dg;5).

Calculate the average dimensional stability of the five specimens according to Formula (11):

ds,av = (as,avl ¢ ds,avZ + ds,av3 + ds,av4 + ds,avS) / 5 (1 1)

Round down the average to the nearest 0,1 %.

The original (milled) surface is not ideally flat. To prevent an overestimation of post-machining
distortion always round down to the nearest 0,1 %. For example, the resulting average dimensional
stability is 0,18 %. This value can be rounded down to 0,1 %.

6.3 Testreport
The documentation of the test shall include at least the following information:

a) name of manufacturer, product brand name, shade - if appropriate, block size, lot or batch
identification;
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b) dimensions of milled test specimens used to determine shrinkage factor and flatness;

c) type of the furnace used for heat treatment (manufacturer’s name, furnace type, date of calibration
certificate);

d) information for the heat treatment of the test specimen (details and number of firing cycles
performed, orientation of the specimens, type of sintering support);

e) characterization (manufacturer, brand name, accuracy, etc.) of the micrometer gauge or another
appropriate device used to perform all necessary length measurements;

f) detailed description of the method used for measuring flatness (test equipment, software if
applicable, number of measuring points, precision, ...);

g) Tresulting shrinkage factors for the individual test specimen: d,,q, d,,2, d,,3 daya’ dafs and mean
yalue: d;
h) resulting dimensional stability for the individual test specimen: d; .1, d Gy ds av3) A alar s avs and

mean value: dg ,;

i) International Standard used (including its year of publication);
j)  4qny deviation from the recommended test procedure and unusual features observed;

k) date of test.

7 Machining damage

7.1 | General

Macljining can have an influence on the flexural strength of a certain material. This method was
designed to test the performance of amentire system consisting of material, machine, [tools, CAM-
stratiegy and cutting parameters. It is'not suitable to compare the quality of different ma¢hines, tools
or mpterials alone. Due to the high influence of the used CAM strategy, the CAM strategy|needs to be
adaplted to the geometries of the $pecimens.

7.2 | Test methods

Blanks can vary greatly-in size depending upon the intended use. Blanks for crowns anfl three-unit
bridges typically range’from 14 mm x 14 mm x 12 mm up to 20 mm x 20 mm x 40 mm. Thgse are fully
densg but can require post-processing, such as crystallization for glass ceramic materials|or sintering
for pprous matevials.

This|test dsvonly for fully dense blanks (type 3) such as feldspathic ceramics, polymer infiltrated
ceramic$;.and glass ceramics. Prepare 15 control bar test specimens for three-point flexufral strength
testingas per ISO 6872 using a diamond sectioning device. Grind or mill a minimum of 15 Flexural test
specimens from one or more fully dense blank(s) using the designated machining apparatus approved
by the manufacturer for fabricating final restorations. Perform post-machining processing such as full
crystallization, as needed. The designated machining apparatus approved by the manufacturer shall be
described in the instruction for use of the machinable ceramic blanks.

Place the ground or milled surface in maximum tension during flexural strength testing. Test according
to ISO 6872. Calculate the mean and standard deviation of the flexural strength values for control and
machined specimens.

7.3 Testreport
The documentation of the test shall include at least the following information:

a) name of manufacturer, brand name, shade - if applicable;
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what, if any post processing was used and the conditions of post-processing such as crystallization

he blank(s);

lot number of the blank(s);

fabrication conditions of the control specimens including sectioning methodology and finishing of

length, width, and height of the bar test specimens;

numberfof specimens which cannot be tested due to the machining railure;

approptiate device used to perform all necessary dimension measurements;

brization (e.g. manufacturer, brand name, accuracy) of the micrometer gauge-on an

bther

erization (e.g. manufacturer, brand name, accuracy) of the milling s/achine usgd to

fabricatle the specimens as a well as machining conditions (tool type, bur grit, machining strategy,

st (such as crosshead speed, load cell);

strength values of each specimen as well as mean and-standard deviation of each grog
and machined;

iate statistical analysis to determine signifi¢ant difference;

fional Standard used (including its yearef publication);

iation from the recommended testprocedure and unusual features observed;

hability using the-meérlon fracture test

b)
cycle;
c) sizeoft
d)
e)
the surface;
f)
g)
h) charact
i) charact
cutting
machining;
j) instrum
of the tq
k) flexural
control
1) percent
m) appropf
n) Interna
0) any dev
p) date of test.
8 Machi
8.1 Genefal

Various pro
dental restdration. Machine type, CAM setup, machining parameters, and tool quality, amongst of]
can have a h
fracture teg
thickness of

Cess parameters need to be compatible to a blank material that is being used to prod

igh influence on the outcome of a grinding or milling process. The herein described m
t pfrovides further information on machining damage (see 7.1) and minimum mac}

parameters such as feed rate, if known) and software (manufacturer and version) usgd for

ents (e.g. manufacturer, brand name, accuracy) used for meghanical testing and conditions

p —

hge change in flexural strength of the machined‘group as compared to the control grotip;

lice a
hers,
brion
lined
with

one specific material-process combination by using standard merlon test geometries

a variation in wall thickness. Fractured merlons indicate that the applied machining process damages
the blank material in a critical manner when a specific wall thickness was chosen.

This method was designed to test the performance of an entire system consisting of material, machine,
tools, CAM-strategy and cutting parameters. It is not suitable to compare the quality of different
machines, tools or materials alone. Due to the high influence of the used CAM strategy, the CAM strategy
needs to be adapted to the geometries of the specimens.

The merlon fracture test can be applied to both fully dense (type 3) and partly sintered blanks (type 2).

14
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