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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
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ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria negeded for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the
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The llnain changes compared-té the previous edition are as follows:

geveral editorial changes have been made to describe the procedures more precisely;

it rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

Ain explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well ‘as’information about ISO's adherence to the
d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
www.iso.org/iso/foreword.html.

document was prepared by Technical Committee ISO/TC 106, Dentistry, Subcomrnittee SC 2,
hodontic materials, in collaboration with the European Committee for Standardization (CEN)
hical Committee CEN/TC 55, Dentistry, in accordance with the Agreement on technical|cooperation
een ISO and CEN (Vienna Agreement).

fourth edition cancels and replaces the third edition (ISO 10477:2018), which has been technically
ed.

issing exemption condition for opaque resin test specimens in line 6 of Table 1 has been added;

equired numbey of specimen in 7.8 (Shade consistency and colour stability) has been ¢orrected;

dppropriate intervals for the storage times described in the procedures have been addg¢d.

Any

feedback or questions on this document should be directed to the user’s national standhrds body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Specific qualitative and quantitative test methods for demonstrating freedom from unacceptable
biological hazards are not included in this document, but it is recommended that, for the assessment of
possible biological hazards, reference should be made to ISO 10993-1 and ISO 7405.
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INTERNATIONAL STANDARD ISO 10477:2020(E)

Dentistry — Polymer-based crown and veneering
materials

1 Scope

This document classifies polymer-based crown and veneering materials used in dentistry and specifies
theirrrequiTenments—itatsospecifies the test methods to be used to detertmrine comtormity to these
requjrements.

Thisdocument is applicable to polymer-based crown and veneering materials for laboratorjy-fabricated
pernjanent veneers or crowns. It also applies to polymer-based dental crown ard veneering materials
for which the manufacturer claims adhesion to the substructure without maeré-mechanidal retention
suchl|as beads or wires.

2 Normative references

The following documents are referred to in the text in such away 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 (including any amendmepts) applies.

ISO 1942, Dentistry — Vocabulary

ISO 3696, Water for analytical laboratory use — Spécification and test methods

ISO §344-1, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test
ISO §507-1, Metallic materials — Vickers hardness test — Part 1: Test method

ISO 4491, Dental materials — Determination of colour stability

ISO §601 (all parts), Data elements‘and interchange formats — Information interchange — Representation
of dates and times

ISO 42674, Dentistry — Metallic materials for fixed and removable restorations and appliance

A

3 Terms anddefinitions
For the purpeses of this document, the terms and definitions given in ISO 1942 and the follpwing apply.

ISO gndIEC maintain terminological databases for use in standardization at the following dddresses:

— 50 Unline browsing platiorm: available at http://www.1S0.0rg/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

polymer-based crown and veneering material

composition of powders and liquids or pastes that may contain monomers, inorganic and/or polymeric
fillers and that, when polymerized, is suitable for use as permanent dental veneers or crowns

Note 1 to entry: Polymerization is effected by mixing initiator(s) and activator(s) (“self-curing” materials) and/
or by external energy activation [by heat (“heat-curing” materials), photoactivated materials, by visible light
(“light-curing” materials) and/or by UV radiation].

Note 2 to entry: The polymer-based crown and veneering materials for laboratory-fabricated permanent veneers
or crowns may or may not be attached to a substructure.

© IS0 2020 - All rights reserved 1
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in

pigmented and slightly translucent polymer-based crown and veneering material (3.1) that simulates the
natural appearance of dentine

3.3

enamel resin
translucent and slightly pigmented polymer-based crown and veneering material (3.1) that is packed in a
layer over the dentine resin and that simulates the natural appearance of enamel

3.4

cervical regin
intensely pigmented and slightly translucent polymer-based crown and veneering material (3.1)

simulates th

3.5

opaque res
intensely pi
purposes of|

Note 1 to ent

e natural appearance of dentine of the cervical region of the tooth

in
bmented polymer-based crown and veneering material (3.1) applied in thin layers wit
completely masking the underlying material and bonding to it

y: Opaque resins are only required to fulfil the requirement of 5.5.

that

h the

4 (Classification

The polymer-based crown and veneering materials describedcin this document shall be clasgified

according tq their activation system for polymerization.

— Type 1} polymer-based crown and veneering materials whose setting is effected by mjxing
initiator(s) and activator(s) (“self-curing” materialgs);

— Type 2:[polymer-based crown and veneering materials whose setting is effected by the applichtion
of energy from an external source (“external-energy-activated” materials), such as heat and/or
radiatign (visible or UV range);

— Claps 1: polymer-based crowi and veneering materials that do not contain a photo-
polymerization initiator;

— Claps 2: polymer-basedcsown and veneering materials that contain a photo-polymerization
initjator;

— Type 3} polymer-based crown and veneering materials whose setting is effected by mjxing
initiator(s) and activator(s) and also by the application of energy from an external source (“dual-
cure” materials)

5 Requirements

5.1 General

The tests required for a crown and veneering material depend on the classification according to type

and class.

See Table 1 for the necessity of the specific tests described in 5.2 to 5.9.

© IS0 2020 - All rights reserved
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Table 1 — Test protocol

IS0 10477:2020(E)

Subclause Property Type 1 Type 2 Type 3
Class 1 Class 2
5.2 Depth of cure — — 4+a —
5.3 Surface finish +a +a +a 42
5.4 Flexural strength +a +a +a 4a
5.5 Bond strength + + + +
5.6t05.9 |Water sorption, solubility, +a +a +a +a
shade consistency, colour
stability
+ carryouttest;
— do not test.
a  Ifthe material is opaque resin, do not test.

5.2 | Depth of cure

5.2.1 General

Testing shall be carried out in accordance with 7.3.

5.2.27 Depth of cure, type 2, class 2 materials

For tlype 2, class 2 polymer-based crown and veneering materials, the hardness of the botitom surface
shallfbe not less than 70 % of that of the top surface\(see Table 2).

For type 1, type 2, class 1 and type 3 materials, no requirement is specified. This requir¢ment is not

applicable to opaque resins.

5.3 | Surface finish

A test specimen polished in accordance with 7.4 shall have a glossy surface.

Testing shall be carried out inaccordance with 7.4. This requirement is not applicable to oplaque resins.

5.4 | Flexural strength

The flexural strémgth shall be at least 50 MPa (see Table 2). This requirement is not applicable to

opaque resing:

Testing shall'be carried out in accordance with 7.5.

Subclause Property Requirement
5.2 Depth of cure Hardness of bottom surface 270 % of top surface
5.4 Flexural strength =50 MPa
5.5.1 Bond strength >5 MPa
5.5.2 280 % of the value claimed
5.6 Water sorption <40 ug/mms3
5.7 Solubility <7,5 pg/mms3

© IS0 2020 - All rights reserved
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5.5 Bond strength

5.5.1 Special bonding system without macromechanical retention

If the manufacturer recommends a special bonding system without macromechanical retention,
the strength of bond to the material used for the substructure shall be not less than 5 MPa (see
Tables 1 and 2).

Testing shall be carried out in accordance with 7.6.

5.5.2 Values higher than 5 MPa

If the manufacturer claims a value higher than 5 MPa for the bond strength, then the bond strgngth
shall be not[less than 80 % of the value claimed.

Testing shall be carried out in accordance with 7.6.

5.6 Watef sorption

The water sprption of the cured polymer-based crown and veneering material shall be not more|than
40 pg/mm?3 [(see Table 2).

Testing shall be carried out in accordance with 7.7. This requirementrsissmot applicable to opaque resins.

5.7 Solubility

The solubility in water of the cured polymer-based crown and veneering material shall be not more
than 7,5 pg/mm3 (see Table 2).

Testing shall be carried out in accordance with 7.7, This requirement is not applicable to opaque resins.

5.8 Shade consistency

The colourg of the cured polymer-based crown and veneering material from different bafches
(according to 6.1 and 6.2) shall showme-more than a slight difference with the colour indicated by the
manufacturr.

Testing shalll be carried out in @ecordance with 7.8 and ISO 7491. This requirement is not applicalle to
opaque resins.

5.9 Colouyr stability

The polymer-basedcrown and veneering material shall show no more than a slight change in coloir.

Testing shal|1 be carried out in accordance with 7.8 and ISO 7491. This requirement is not applicalle to
opaque resins.

5.10 Biocompatibility

Refer to the Introduction for guidance on biocompatibility.

6 Sampling

6.1 For all tests
The test sample shall consist of one or more packages of one selected shade, corresponding to the

purpose of the test, from a single batch and contain sufficient (approximately 20 ml) material to carry
out the specified tests, plus an allowance for any necessary repetition of tests.

4 © IS0 2020 - All rights reserved
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For test of shade consistency

The sample for the test of shade consistency (5.8 and 7.8) shall consist of the same shade as in 6.1
(approximately 1 ml) but from another batch.

6.3

For test of colour stability

The sample for the test of colour stability (5.9 and 7.8) shall consist of two further shades of the
material. The shade of the resin sample shall consist of three different shades each of which correspond
to one representative shade of enamel resin, dentine resin and cervical resin (approximately 1 ml for
each shade). They should be selected in consideration of its colouring components, if different colouring

components are used.

7 Measurement and test methods

7.1

7.1.1%

Test
than

7.1.2
Unle

7.1.3

For {
shall
or so
sour

Mix
instr

Use (

If ful
areh
by vi

A se

General

Test conditions

specimens shall be prepared and tested at (23 + 2) °C. The relative humidity shall
30 %.

Water

5s otherwise specified, the water to be used shallconform to ISO 3696:1987, Grade 3.

Preparation of test specimens

he preparation of type 2 and type_3 polymer-based crown and veneering materia
be made to the instruction for use(see Clause 9, p) and q)] that state the external er
urces recommended for the materials to be tested. Care shall be taken to ensure tha
Ce is fully functional.

pbr otherwise prepare thé _polymer-based crown and veneering material in accordar
uction for use and the test conditions specified in 7.1.1.

nly the quantity required to prepare one of the corresponding specimens.

y cured specimens are required for testing (7.4 to 7.8), itis important to ensure that th
omogeneous-after removal from the mould. There shall be no voids, clefts or air inclus
sual inspegtion without magnification.

parating medium which does not interfere with the setting reaction (e.g. 3 %

be not less

s, reference
ergy source
t the energy

ce with the

e specimens

ons present

solution of

poly)

Finylstearyl ether wax in hexane) may be used to facilitate removal of the specimen.

7.2

Visual inspection

Use visual inspection to determine conformity to Clauses 8 and 9. The colour comparison in 7.8 shall be
performed in accordance with ISO 7491.

7.3

Depth of cure

7.3.1 Apparatus

7.3.1.1 Split rings, such as shown in Figure 1, (15 *+ 1) mm in diameter and (1 # 0,1) mm in height.
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7.3.1.2

7.3.1.3

7.3.1.4

7.3.1.5

7.3.1.6

:2020(E)

Radiation source, as recommended in the instructions for use.
Hardness testing instrument, for HV 0,5.
Oven, setat (37 + 1) °C.

Muslin wheel, unstitched, 18-to 36-ply, having a diameter of 70 mm to 95 mm.

Two plates (e.g. polished metal or glass), measuring approximately 20 mm x 20 mm x 5 mm.

7.3.2 Matlerials

7321 W
7.3.2.2 Fil
7.3.2.3 Pg

7.3.3 Pro

Cover one p
position thd
according td
based crowy}
(73.1.2), an

the split rinjg through the film, in accordance with theinstruction for use. Remove the test spec

from the sp
use. If no sp
a circumfer
10 mm betw

Thoroughly
conformity

NOTE A
and a 100 mn

Prepare thr
test on the y

7.3.4 Expfression of results

hite filter paper.
m, colourless, transparent, (50 + 30) um thick.
lishing compound, precipitated calcium carbonate (CaCOj).

cedure

late (7.3.1.2) with a piece of white filter paper (7.3.2.1) followed by the film (7.3.2.2)
split ring (7.3.1.1) upon it. Prepare the polymer:based crown and veneering mat
the instruction for use, and place it into the split ring to a slight excess. Cover the poly
1 and veneering material and the split ring with<a.second piece of film and the second
 extrude the excess material. Remove the upper plate and irradiate the test specim

it ring. Grind (wet) the specimen on both Sides and polish according to the instructio
ecific procedure is given polish for notdonger than 1 min with a muslin wheel (7.3.1}
ential speed of (650 + 350) m/minCand with polishing compound (7.3.2.3). Keep at
reen the outer diameter of the whegl and the stitching or other reinforcement.

clean the specimen by rinsing with water, blot dry, and visually inspect the surfag
[0 the requirement of 5.3.

wheel with a diameter{ofi 70 mm rotating at 1 500 r/min has a circumferential speed of 330 nj
h diameter wheel rotating at 3 500 r/min has a circumferential speed of 1 100 m/min.

e specimens; and store them in water at (37 £ 1) °C for (24 £ 2) h. Carry out the hard
pper and lewer surfaces of the specimens three times in accordance with [SO 6507-1.

and
erial
mer-
plate
en in
imen
n for
6) at
least

e for

/min

ness

Express the

hardness of each surface as the mean of the three values obtained for it.

All three specimens shall meet the requirement of 5.2. Otherwise the polymer-based crown and
veneering material does not comply with the requirement of 5.2.

7.4 Surface finish

Prepare a specimen according to 7.3.3. Polish the test specimen prepared in accordance with the
instruction for use. If no specific procedure is given, polish according to the instructions provided

under 7.3.3.

Thoroughly clean the specimen by rinsing with water, blot dry, and visually inspect the surface for
conformity to the requirement of 5.3.

© IS0 2020 - All rights reserved
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Dimensions in millimetres

o 1
=
1

Key
dlass or metal plates
dplit ring

lletaining plate opformer

Figure 1 — Mould for the preparation of test specimens for depth of cure, surface finish, water
sorption, solubility, shade consistency and colour stability

7.5 Flexural strength
7.5.1 Apparatus

7.5.1.1 Split stainless steel mould, coated with a separating medium (e.g. 3 % solution of
polyvinylstearyl ether wax in hexane), as shown in Figure 2, in an appropriate mounting device.

7.5.1.2 Two glass or metal plates, of approximately 30 mm x 30 mm x 2 mm.
7.5.1.3 Small screw clamp.

7.5.1.4 Polymerization apparatus, as recommended in the instruction for use.

© IS0 2020 - All rights reserved 7
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7.5.1.5 Oven,setat (37 = 1) °C.

7.5.1.6 Flexural strength test apparatus, appropriately calibrated, to provide a constant cross-head
speed of (1,0 £ 0,3) mm/min. The apparatus consists of two rods (2 mm in diameter), mounted parallel
with 20 mm between centres, and a third rod (2 mm in diameter) centred between, and parallel to the
other two, so that the three rods in combination can be used to give a three-point loading to the specimen.
Other instruments with a constant loading rate of (50 + 16) N/min may also be used.

7.5.1.7 Micrometer, with an accuracy of 0,01 mm.

7.5.1.8

Ti

mer, accurateto + 1 s.

7.5.2 Matlerials

7521 W
7.5.2.2 Fil
7.5.2.3 AH
7.5.2.4 M({
30 mm x 10
7.5.2.5

hite filter paper, as in 7.3.2.1.

m, as in 7.3.2.2.

rasive paper, between P220 and P320 according to ISO 6344-1:

mm X 2 mm.

Water, conforming to ISO 3696:1987, Grade 2.

ptal or glass plates, 1 quartz plate for UV photo-initiated material, no less

Dimensions in millinj

—

o
+l

o~

than

letres

Figure 2 — Split mould for test specimens for the flexural test

7.5.3 Preparation of test specimens

7.5.3.1 Type 1 and type 2, class 1 materials

Cover one of the metal or glass plates (7.5.1.2) with the film (7.5.2.2), and position the mould (7.5.1.1)
upon it. Prepare the polymer-based crown and veneering material in accordance with the instruction
for use and immediately place it in the mould to a slight excess. Place a second piece of film onto the

© IS0 2020 - All rights reserved
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polymer-based crown and veneering material in the mould and cover this with the second metal or
glass plate. Apply pressure to displace excess material by means of the clamp (7.5.1.3).

Polymerize the polymer-based crown and veneering material in accordance with the instruction for
use. Fifteen minutes after polymerization, remove the specimen and carefully remove any flash by
gently abrading with abrasive paper (7.5.2.3), avoiding touching any other surface. Store the specimen

in water (7.5.2.5) at (37 + 1) °C (7.5.1.5) until the start of testing (7.5.4).

Specimens shall be plane-parallel for flexural testing.

Prepare five specimens.

7.5.3.2 Type 2, class 2 and type 3 materials
a) Tor light (385 nm to 515 nm) photo-polymerization initiators use glass plates.for the|bottom and
op plates.
b) For UV (below 385 nm) photo-polymerization initiators use a glass plate ‘as the bottonp plate and a
uartz plate as the top plate.

Cove the bottom plate with the white filter paper (7.5.2.1), followed.by the film (7.5.2.2), and position
the pould (7.5.1.1) upon it. Prepare the polymer-based crown and veneering material in| accordance
with|the instruction for use and fill the mould with the polymer:based crown and veneering material,
as dgscribed in 7.5.3.1. Place a second piece of film on the polyrer-based crown and veneerjing material
in the mould. For light photo-polymerization initiator materials cover this with a glass platg; for photo-
polymerization initiator materials cover this with a quartz plate. Apply pressure to displace excess
matdrial by means of the clamp (7.5.1.3).
Polymerize the polymer-based crown and veneering material in accordance with the ingtruction for
use. [rradiate the specimen through the top glass plate, remove both glass plates and thel white filter
papelr. Irradiate the specimen from the othey side. Fifteen minutes after polymerization|remove the
specimen and carefully remove any flash by gently abrading with abrasive paper (7.5.2.8). Store the
specimen in water (7.5.2.5) at (37 £ 1)-°C(7.5.1.5) until the start of testing (7.5.4).
Specimens shall be plane-parallel.for. flexural testing.
Preppre five specimens.
7.5.4 Procedure
At (24 + 2) h after theystart of the preparation of the test specimens, measure the width and the height of
the test specimensto an accuracy of 0,01 mm. Apply the load (7.5.1.6) at a cross-head speed of (1 * 0,3)
mm/jmin or at-adloading rate of (50 + 16) N/min until the specimen fractures. For type 2{ class 2 and
type|3 materials, the load shall be applied on the first irradiated surface.
7.5. C“Expression of results
7.5.5.1 Calculation
Calculate the flexural strength, o, in megapascals, from Formula (1):

g=FL (0

2bh?

where
© IS0 2020 - All rights reserved 9


https://standardsiso.com/api/?name=b93486ff9c7365df2915bd2324f4b759

ISO 10477:2020(E)

F  isthe maximum applied load, in newtons;
| isthe distance, in millimetres, between the supports, i.e. 20 mm;
b isthe width of the test specimen, in millimetres;

h  isthe height of the test specimen, in millimetres.

7.5.5.2 Treatment of results

If at least four of the results are not less than the lowest value specified in Table 2, the polymer-based
crown and yeneering material complies with the requirement of 5.4.

If less than [three of the results are not less than the lowest value specified in Table 2, the polymer-
based crowf and veneering material does not comply with the requirement of 5.4.

If three of the results are not less than the lowest value specified in Table 2, repeat theiwhole test.|Only
if all resultsjare not less than the lowest values specified in Table 2 on the second occasion, the polymer-
based crown and veneering material complies with the requirement of 5.4.

This treatmpnt is summarized in Table 3.

Table 3 — Treatment of results (7.5.5.2, 7.6,5.2) 7.7.5.2)

Number of complying specimens | Conformityto requirement
First test
4to5 Yes
3 Repeat test
Oto?2 No
Second test(repetition)
5 Yes
Oto4 No

7.6 Bond strength
7.6.1 Apparatus

7.6.1.1 Mould, of stainless'steel with a slightly conical bore having a larger diameter of (5 + 0,1) mum at
one end and| a smaller diameter of (4,9 + 0,1) mm at the other end, and (2,5 # 0,05) mm high, with gharp
edges. The mould may/be coated with a separating medium, e.g. a 3 % solution of polyvinylstearyl ¢ther
wax in hexane.

7-6-1.2 Fi < p}atco, llladC b_y LUIIVClltiUlla} dcuta} }abLu dtUl_y Ul llli}}ills tCL]lllliLiuCD Uf d fl dlllT 11lad :erlal
suitable for crown and veneer constructions. The dimensions of the plate are 9 mm (minimum) x 9 mm
(minimum) x (2,0 * 0,5) mm. The test surface shall be plane and the finish as recommended in the
instruction for use. If no specific brand is recommended, then the alloy or metal used shall conform with
the alloys or product groups specified in ISO 22674.

7.6.1.3 Polymerization apparatus, as recommended in the instruction for use, as in 7.5.1.4.

7.6.1.4 Apparatus for thermocycling, which automatically exposes the specimen to 5 000 cycles of
30 sto 35sinwaterat (5% 1)°Cand 30 s to 35 s in water at (55 * 1) °C.

7.6.1.5 Apparatus for testing shear bond strength (e.g. as shown in Figure 3) that allows the
application of the force at a distance of (0,5 + 0,02) mm from the surface of the plate (7.6.1.2).

10 © IS0 2020 - All rights reserved
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7.6.1.6 Universal testing machine with a constant cross-head speed of (1 + 0,3) mm/min and a
system to record the force with an accuracy of + 2 % as in 7.5.1.6. Other instruments with a constant
loading rate of (50 + 16) N/min may also be used.

7.6.1.7 Timer, accurate to 1 s.

7.6.1.8 Micrometer, with an accuracy of 0,01 mm.

7.6.2

Materials

7.6.2

7.6.3

.1 Film, asin 7.3.2.2.

Preparation of test specimens

Treat the plates (7.6.1.2) as recommended by the manufacturer of the bonding\system. Apply and cure

by t

the ?aque resin, if the manufacturer recommends this procedure, to the boriding area as recommended
e manufacturer of the polymer-based crown and veneering matérial (7.6.1.3). Puf the mould

(7.6.1.1) with the wider opening against the opaque layer, if recomménded. Press the polymer-based

Crow
Crow

Preppre five specimens.

It is fecommended that the mould (7.6.1.1) be fixed on‘the plate with the help of a clam
cannjot move when the polymer-based crown and veneéring material is pressed into the mc

n and veneering material according to the instruction for usé.

© ISO

2020 - All rights reserved

n and veneering material into the mould and cover it with a filmy(7.6.2.1). Cure the polymer-based

p, so that it

uld.
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Dimensions in millimetres
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Figure 3 — Example for an apparatus for testing shear bond strength

7.6.4 Progedure

After curing the polymer-based ctown and veneering material, carefully remove the mould and ftore
the specimens dry at (23 * 2)2CAor (24 * 2) h. Expose the specimens to 5 000 thermal cycles of 30 s to
35 sin watef at (5 + 1) °C and-30 s to 35 s in water at (55 + 1) °C (7.6.1.4).

Remove theg specimentfrom the water (7.6.1.4) and measure two diameters of each of the bonded
polymer-based crown)’and veneering material at right angles to each other. Calculate the adhpsive
surface ared, 4, using the mean diameter.

Adjust the gpecimen without drying in the apparatus (Figure 3) for shear testing (7.6.1.5). Take|care
that the plate contacts the baseplate of the apparatus. Put the apparatus in the universal testing
machine (7.6.1.6) and load the specimen with a constant cross head speed of (1 * 0,3) mm/min or at a
loading rate of (50 + 16) N/min. Record the load, F, at break.

12 © IS0 2020 - All rights reserved
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7.6.5 Expression of results

7.6.5.1 Calculation

Calculate the bond strength, B, in megapascals, from Formula (2):

(2)

7.6.3

Repg
mateg

If at
with

If les

comply with the requirement of 5.5.1.

If thy
occa

This

If the
or ei

is the load, in newtons, at break;

Il is the bonded surface area, in square millimetres.

.2 Treatment of results

rt all values of the bond strength, in megapascals, together with the\type and trade
rial used for the test.

least four of the results are =5 MPa, the polymer-based crownyand veneering mater
the requirement of 5.5.1.

s than three of the results are =5 MPa, the polymer-based crown and veneering matel

sion the polymer-based crown and veneering material complies with the requirement
treatment is summarized in Table 3.

manufacturer claims a value higherthan 5 MPa for the bond strength, then at least foy

name of the

ial complies

"ial does not

ee of the results are =5 MPa, repeat the whole.test. Only if all results are = 5 MPa on the second

pf 5.5.1.

r out of five,

bht out of 10 if a second series is,necessary as explained above, of the results shall be not less than

80 9] of the claimed value, in order to.comply with the requirement of 5.5.2.

7.7 | Water sorption and solubility

7.7.1 Apparatus

7.7.1.1 Split rings,/such as shown in Figure 1, as in 7.3.1.1.

7.7.1.2 Glass‘or metal plates, as in 7.3.1.2.

7.7.1.3+ Small screw clamp, as in 7.5.1.3.

7.7.1.4 Polymerization apparatus, as recommended in the instruction for use, as in 7.5.1.4.

7.7.1.5 Plastic tweezers.

7.7.1.6 Oven,at (37 £1)°C,asin7.5.1.5.

7.7.1.7 Two desiccators, containing silica gel (7.7.2.3).

7.7.1.8 Analytical balance, with an accuracy of 0,05 mg.

7.7.1.9 Timer, accurate to 1 s.

© ISO
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7.7.1.10 Micrometer, with an accuracy of 0,01 mm.

7.7.2 Materials

7.7.2.1

7.7.2.2

7.7.2.3

White filter paper, as in 7.3.2.1.
Film, as in 7.3.2.2.

Silica gel, freshly dried at 130 °C or higher for at least 3 h.

7.7.2.4 Alpminium oxide grinding powder, with particle size approximately 0,3 um.

7.7.2.5 Water, conforming to ISO 3696:1987, Grade 2.

7.7.2.6 Felt.

7.7.2.7 Blptting paper.

7.7.3 Preparation of test specimen

Cover one of the glass or metal plates (7.7.1.2) with the white filter paper (7.7.2.1) [for type 2, class 2 and
type 3 (if phioto-activated dual cure) polymer-based crown and verieering material] followed by the film
(Z.2.2.2), angl position the split ring (7.7.1.1) upon it. Prepare the polymer-based crown and venegering
material in dccordance with the instruction for use and immediately place it into the split ring to a glight

excess, avoi
veneering 1
the excess 1
of the polyy
type 2, clas
top glass pla
other side.

Separate thg
to gloss to 4
contaminati

(7.7.1.5). Make two measurenients of the diameter of the specimen at right angles to each other,

accuracy of
equally spa
millimetres
millimetres

Prepare fivd

aterial in the mould and cover this with th&“second glass plate (7.7.1.2). Carefully ext
jaterial with the screw clamp (7.7.1.3). Remove the screw clamp and initiate polymeriz
her-based crown and veneering material in accordance with the instruction for usq
5 2 and type 3 polymer-based crown'and veneering materials, first irradiate throug

e test specimen from the-$plit ring, wet grind it on both sides and polish it with felt (7.
thickness of (1,0 £ 0,2)}amm with aluminium oxide (7.7.2.4) suspended in water. To
on of the specimens; handle them at all times after grinding with the plastics twe

0,01 mm, and caletulate the mean diameter. Measure the thickness at the centre and af

fed points ofi'the circumference to an accuracy of 0,01 mm. Calculate the area, in sq
from the-méan diameter and, using the mean thickness, calculate the volume, V, in

testsspecimens.

ling air inclusions. Place a second piece of filmY(7.7.2.2) onto the polymer-based crown and

rude
htion
. For
h the

te, remove both glass plates and the white filter paper, and irradiate the specimen from the

(.2.6)
hvoid
bZers
[0 an
four
uare
tubic

7.7.4 Procedure

Condition the polished specimens in a desiccator (7.7.1.7) at (37 = 1) °C in the oven (7.7.1.6). After
(22 = 2) h place the test specimens in a second desiccator (7.7.1.7) for (120 + 10) min at (23 £ 2) °C.
Take out one specimen at a time and weigh each to an accuracy of 0,1 mg (7.7.1.8). Continue the drying
procedure until the loss of mass of each test specimen is less than 0,1 mg within each (24 + 2) h period,
and record the final mass as m;. Store the test specimens in 20 ml water (7.7.2.5) at (37 = 1) °C in the
oven (7.7.1.6) for 7days ( * 4 h). Remove each test specimen separately, wash with water (7.7.2.5) and
dab with blotting paper (7.7.2.7) until free from visible moisture. Wave each test specimen in the air
for 15 s and weigh 1 min after removal from the water (mass m,). After weighing, recondition the test
specimens in the desiccator to a constant mass until the loss of mass of each test specimen is less than
0,1 mg within each (24 * 2) h period using the cycle described above. Record the final mass as ms.
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Replace the silica gel with freshly dried gel after each weighing sequence (7.7.2.3).

NOTE Approximately two to three weeks are necessary to achieve constant mass.
7.7.5 Expression of results

7.7.5.1 Calculation of water sorption

For each of the five specimens, calculate the values for water sorption, p ,, in micrograms per cubic
millimetre, to the nearest 0,1 pg/mm3 from Formula (3):

_My—mg

v (3)

P
where

m, is the mass of the specimen, in micrograms, after immersion in water for 7 days (s¢e 7.7.4);
m; is the mass of the reconditioned specimen, in micrograms (see.Z7.4);

I is the volume of the specimen, in cubic millimetres (see ZZ.3).

7.7.3.2 Treatment of results for water sorption

If at|least four of the results are <40 pg/mm3, the polymer-based crown and veneering material
complies with the requirement of 5.6.

If les than three of the results are <40 ug/mm3, the polymer-based crown and veneering mjaterial does
not comply with the requirement of 5.6.

If thijee of the results are <40 pg/mm?3, repeat the whole test. Only if all five results are <40 ug/mm3 on
the second occasion, the polymer-basedierown and veneering material complies with the fequirement
of 5.4, otherwise it fails.

This[treatment is summarizedin-Table 3.

7.7.3.3 Calculation of solubility

Calctyilate the values fonsolubility, p, in micrograms per cubic millimetre, for each of the five specimens
to the nearest 0,L4g/mm3 from Formula (4):

_m i

R (4)

Rs

where

m; is the mass of the conditioned specimen, in micrograms (see 7.7.4);
ms is the mass of the reconditioned specimen, in micrograms (see 7.7.4);

V' is the volume of the specimen, in cubic millimetres (see 7.7.3).

7.7.5.4 Treatment of results for solubility

If at least four of the results are <7,5 pg/mms3, the polymer-based crown and veneering material
complies with the requirement of 5.7.

If less than three of the results are <7,5 pg/mm3, the polymer-based crown and veneering material does
not comply with the requirement of 5.7.
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If three of the results are <7,5 pg/mm3, repeat the whole test. Only if at least four of the results
are <7,5 ug/mm?3 on the second occasion, the polymer-based crown and veneering material complies
with the requirement of 5.7, otherwise it fails.

This treatment is summarized in Table 4.
NOTE The test for solubility is technically demanding and it is for this reason that the requirement following

asecond series of tests is lower than for the other tests in this document. The estimation of solubility is considered
to be an essential characteristic for the quality of polymer-based crown and veneering materials.

Table 4 — Treatment of results for solubility

Number of complying specimens| Conformity to requirement
First test
4to5 Yes
3 Repeat test
Oto2 No
Second test (repetition)
4to5 Yes
Oto3 No

7.8 Shade consistency and colour stability

7.8.1 General

This test is|intended to demonstrate any variation in cdlour between batches (5.8), and the cplour
stability (5.9) of a single batch, of a polymer-based crown‘and veneering material after xenon irradiption
and after water sorption by comparing an irradiated specimen and a non-irradiated, water-immgrsed
specimen wjth a dry reference specimen.

Carry out thle test in accordance with ISO 7491:

7.8.2 Apparatus

7.8.2.1 Spflit rings, such as shown‘in Figure 1, as in 7.3.1.1.
7.8.2.2 Gljass or metal plates, as in 7.3.1.2.

7.8.2.3 Snpall screwclamp, as in 7.5.1.3.

7.8.2.4 Pdlymerization apparatus, as recommended in the instruction for use, as in 7.5.1.4.

7.8.2.5 Oven,at (37 +1)°C,asin 7.5.1.5.

7.8.2.6 Radiation apparatus, in accordance with ISO 7491.
7.8.3 Materials

7.8.3.1 White filter paper, as in 7.3.2.1.

7.8.3.2 Film, asin 7.3.2.2.

7.8.3.3 Aluminium oxide grinding powder, with particle size approximately 0,3 um, as in 7.7.2.4.
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