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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
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Introduction

Specific qualitative and quantitative requirements for freedom from biological hazards are not included in this
International Standard. Assessment of possible biological hazards is covered in ISO 10993-1 and ISO 7405.

© 1SO 2004 - All rights reserved \
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INTERNATIONAL STANDARD ISO 10477:2004(E)

Dentistry — Polymer-based crown and bridge materials

1 Scope

This
requi

This |nternational Standard is applicable to polymer-based dental crown and bridge materials f¢r laboratory-
fabrigated permanent facings or anterior crowns that may or may not be attached to”a ‘metal sybstructure. It
also applies to polymer-based dental crown and bridge materials for which the manufacturer clajims adhesion
to the metal substructure without macromechanical retention such as beads or wires:

This [International Standard is not applicable to polymer-based materials-that are used to njake crowns,
venegrs or repairs in the operatory, nor does it cover the application of thdse materials to stress-jearing areas
of popterior teeth.

2 ormative references
The following referenced documents are indispensablée for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 1562, Dentistry — Casting gold alloys

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

ISO 344-1, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test
ISO 6507-1, Metallic materials: = Vickers hardness test — Part 1: Test method

ISO 7491, Dental materials’— Determination of colour stability

ISO 8601, Data elements and interchange formats — Information interchange — Representation|of dates and
timeg

ISO 8891, Dental casting alloys with noble metal content of at least 25 % but less than 75 %

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

polymer-based crown and bridge material

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

NOTE 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].

© 1SO 2004 - All rights reserved 1
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3.2

dentine resin

pigmented and slightly translucent polymer-based crown and bridge material that simulates the natural
appearance of dentine

3.3

enamel resin

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

3.4

cervical resin
intensely pigmented and slightly translucent polymer-based crown and bridge material with a colouy that
simulates thg natural appearance of dentine of the cervical region of the tooth

3.5
opaque resip
intensely pigmented polymer-based crown and bridge material for masking the underlying.metal substrucfure

4 Classification

The polymertbased crown and bridge materials described in this International Standard shall be classified
according to [their activation system for polymerization.

— Type 1 |polymer-based crown and bridge materials whose setting is effected by mixing initiator(s|) and
activatoi|(s) (“self-curing” materials);

— Type 2 |polymer-based crown and bridge materials wh@se setting is effected by the application of epergy
from an external source (“external-energy-activated” materials), such as heat and/or light or UV radidtion;

— Class 1 polymer-based crown and bridget-materials that do not contain a light or UV-sensitive
initiator;

— Class 2 polymer-based crown and bridge materials that contain a light or UV-sensitive initiator;
— Type 3 |polymer-based crown_and’ bridge materials whose setting is effected by mixing initiator(s|) and

activator(s) and also by the application of energy from an external source (“dual-cure” materials).

5 Requitements

See the Intr

5.1 Bioclmpatibility

uction for guidance on biocompatibility.

5.2 Sensitivity to ambient light, Type 2, Class 2 polymer-based crown and bridge materials

The polymer-based crown and bridge materials Type 2, Class 2 shall remain physically homogeneous when
exposed to ambient light (see Table 1).

Testing shall be carried out in accordance with 7.3.

NOTE For Type 1, Type 2, Class 1 and Type 3 materials, no requirement is specified.

2 © ISO 2004 — All rights reserved
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Table 1 — Test protocol

5.3

For T
not I

This
Testi
NOTH

5.4

A tes} specimen polished in accordancewith 7.5 shall have a glossy surface.

This
Testi

5.5

The flexural strength shall be at least 50 MPa (see Table 2).

This

Testi

Type 2
Subclause Property Type 1 Type 3
Class 1 Class 2

5.2 Sensitivity to ambient light — — + —

5.3 Depth of cure — — +a —

54,55 Surface finish, L a La La L a
flexural strength

5.6 Bond strength + + + +
Water sorption, solubility,

5.7t05.10 shade consistency, +a +2 +a +P
colour stability

+ carry out test;
— do not test.

@ If the material is opaque resin, do not test.

Depth of cure, Type 2, Class 2 polymer-based crown and bridge materials

ype 2, Class 2 polymer-based crown and bridge materials,4he/hardness of the bottom sun
ss than 70 % of that of the top surface.

rfequirement is not applicable to opaque resins (see Table 1).
ng shall be carried out in accordance with 7.4.

For Type 1, Type 2, Class 1 and Type 3 no.requirement is specified.

Surface finish

requirement is not applicable~to"opaque resins (see Table 1).

ng shall be carried out in accordance with 7.5.

Flexural strength

requirement is not applicable to opaque resins (see Table 1).

ng shall be carried out in accordance with 7.6.

face shall be

© IS0

Table 2 — Physical and chemical requirements

Subclause Property Requirement
5.5 Flexural strength > 50 MPa
5.6.1 > 5 MPa
Bond strength
5.6.2 > 80 % of the value claimed
5.7 Water sorption < 40 pg/mm3
5.8 Solubility < 7,5 ug/mm?3

2004 — All rights reserved
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5.6 Bond

5.6.1

strength

If the manufacturer recommends a special metal-bonding system without macromechanical retention,

the strength of bond to the metal used for the substructure shall be not less than 5 MPa (see Tables 1 and 2).

Testing shall
5.6.2

be carried out in accordance with 7.7.

shall be not less than 80 % of the value claimed.

Testing shall

be carried out in accordance with 7.7.

5.7 Watel sorption

The water sd

(see Table 2).

This requiren

Testing shall

rption of the cured polymer-based crown and bridge material shall be not more than)40 ug

nent is not applicable to opaque resins (see Table 1).

be carried out in accordance with 7.8.

5.8 Solubility

The solubilit
7,5 ug/mm3

This requiren

Testing shall

y in water of the cured polymer-based crown and bridgetmaterial shall be not more
see Table 2).

nent is not applicable to opaque resins (see Table 1).

be carried out in accordance with 7.8.

5.9 Shade¢ consistency

The colours
than a slight

This requirer

Testing shall

5.10 Colou
The polymer:
This requirer

Testing shall

pf the cured polymer-based crown and\bridge material from different batches shall show no
difference.

nent is not applicable to opaque fesins (see Table 1).

be carried out in accordanc¢e with 7.9 and 1ISO 7491.

r stability
based crown and, bridge material shall show no more than a slight change in colour.
nent is not applicable to opaque resins (see Table 1).

be carfied out in accordance with 7.9 and ISO 7491.

If the manufacturer claims a value higher than 5 MPa for the bond strength, then the bond strength

mm3

than

more

6 Sampling

6.1 Foral

| tests

The test sample shall consist of one or more retail packages prepared for retail sale of one randomly selected
shade 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.

6.2 For test of shade consistency

The sample for the test of shade consistency (5.9 and 7.9) shall consist of the same shade as in 6.1 but of
another batch (approximately 1 ml).

© ISO 2004 — All rights reserved
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6.3 For test of colour stability

The sample for the test of colour stability (5.10 and 7.9) shall consist of two further randomly selected shades.
The whole sample shall represent one shade of enamel, dentine and cervical resin (approximately 1 ml each).

7 Test methods

7.1 General

7.1.1 Test conditions

Test ppecimens shall be prepared and tested at (23 £ Z) °C. The relafive humidity shall be notTesk than 30 %.

7.1.2] Water

Unlegs otherwise specified, the water to be used shall conform to ISO 3696:1987, Grade ‘3.

7.1.3| Preparation of test specimens

For t:l;]e preparation of Types 2 and 3 polymer-based crown and bridge materials, reference shoulf be made to
the manufacturer's instructions [see 9.1 p) and q)] that state the gxternal energy source or sources
recolpnmended for the materials to be tested. Care shall be taken to ehsure that the source is in @ satisfactory
condjtion.

Mix dr otherwise prepare the polymer-based crown and bridge-material in accordance with the manufacturer's
instryctions and the test conditions specified in 7.1.1.

Use only the quantity required to prepare one of the corfésponding specimens.

If fully cured specimens are required for testing (7.5°to 7.9), it is important to ensure that the specimens are
homageneous after removal from the mould. There should be no voids, clefts or air inclusions present by
visudl inspection without magnification.

NOTH A separating medium which does.net interfere with the setting reaction (e.g. 3 % solution of golyvinylstearyl
ether wax in hexane) may be used to facilitate/removal of the specimen.

7.2 | Visual inspection

Use YVisual inspection to determine compliance with Clauses 8 and 9. The colour comparison i 7.9 shall be
performed in accordancewith ISO 7491.

7.3 | Sensitivity to.ambient light, Type 2, Class 2 polymer-based crown and bridge|materials

7.3.1] Apparatus

7.3.11 Xenon lamp, or radiation source of equivalent performance (a suitable apparatus is|described in
ISO 7491)'with colour-conversion filter 1) inserted.

The colour-conversion filter shall be hardened glass of thickness 3 mm and shall have an internal
transmittance that matches within + 10 % that shown in Figure 1.

7.31.2 Two glass microscope slides/plates.

7313 llluminance-measuring device, e.g. luxmeter, capable of measuring illuminance of
(8 000 £ 1 000) Ix.

7314 Adjustable table.

1) The KR 12 filter supplied by Schott Spezialglas GmbH, Vertrieb Filter, Hiittenstr. 1; D-31073 Griinenplan, Germany, is
an example of a suitable product available commercially. This information is given for the convenience of users of this
International Standard and does not constitute an endorsement by ISO of this product.

© 1SO 2004 - All rights reserved 5
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7.3.1.5 Matt black cover for the luxmeter cell

NOTE This is intended to prevent reflections from the cell interfering with the observation of the specimen.

7.3.1.6 Timer, accurate to 1 s.

Y

0,99 /
0,98

0197 //
0,96 /

0.95
/
0.9 /

—
=2
[

w =
‘,\
N

200 300 400 500 600 100 800 900 1000] X

Key
X wavelength, nm
Y internal tr@nsmission

Figure 1 — InternalMransmittance for colour-conversion filter (7.3.1.1)

olour

microscope sllde (7.3.1.2), posmon the sllde on top of the cell and expose it to the Ilght for (60 +5) s. Remove
the slide with the sample from the irradiated area and immediately press the second microscope slide against
the polymer-based crown and bridge material with a shearing action to produce a thin layer.

Visually inspect the polymer-based crown and bridge material to see whether it is physically homogeneous.

NOTE During this test, if the polymer-based crown and bridge material has begun to set, clefts and voids will appear
in the specimen when the thin layer is being produced. It may aid the inspection to compare the test specimen with one
that has been produced in the absence of light.

Repeat the entire procedure twice, using a new sample of polymer-based crown and bridge material for each
test.

6 © ISO 2004 — All rights reserved
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Expression of results

Record the result of all three tests.

If, on visual inspection, the polymer-based crown and bridge material of all three samples remains physically
homogeneous, the polymer-based crown and bridge material complies with the requirement of 5.2. Otherwise
the polymer-based crown and bridge material does not comply with the requirement of 5.2.

7.4

7.41

7.41
7.41
7.41
7.41

7.41

7.4.2
7.4.2
7.4.2

743

Cove
film

mate
the p
glass
polye
ring.

Prepare three specimens,.and store them in water at (37 = 1) °C for 24 h. Carry out the hardnes

uppe

7.4.4

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

All th
mate|

Depth of cure, Type 2, Class 2 polymer-based crown and bridge materials
Apparatus

1 Split rings, such as shown in Figure 2, (15 + 1) mm in diameter and (1 = 0,1) mm_hig

2 Transparent glass plate, measuring approximately 20 mm x 20 mm x 5 mm’

3 Polished metal plate, measuring approximately 20 mm x 20 mm x 5 mm.

4 Radiation source, as recommended by the manufacturer.

5 Hardness testing instrument, for HV 0,5.
Materials

1 White filter paper.

2 Colourless, clear, transparent polyester film; (50 + 30) um thick.
Procedure

r the polished metal plate (7.4.1.3) with a-piece of white filter paper (7.4.2.1) followed by

rial according to the manufacturer's_instructions, and place it into the split ring to a slight e
plymer-based crown and bridge matéerial and the split ring with a second piece of polyeste

ster film, in accordance withsthe manufacturer's instructions. Remove the test specimen 1

- and lower surfaces of the specimens three times in accordance with ISO 6507-1.

Expressionof results

ree{specimens shall meet the requirement of 5.3. Otherwise the polymer-based crowr

he polyester

7.4.2.2), and position the split ring (7.4*1.1) upon it. Prepare the polymer-based crown and bridge

kcess. Cover
film and the

plate (7.4.1.2), and extrude the 'excess material. Irradiate the test specimen in the split ring through the

rom the split

s test on the

and bridge

rial'does not comply with the requirement of 5.3.

7.5

Surface finish

Polish a test specimen prepared in accordance with the manufacturer's instructions. If no specific procedure is
given by the manufacturer, polish for not longer than 1 min with an 18- to 36-ply muslin wheel at a
circumferential speed of (650 + 350) m/min and with precipitated calcium carbonate. Keep at least 10 mm
between the outer diameter of the wheel and the stitching or other reinforcement.

Thoroughly clean the specimen by rinsing with water, blot dry, and visually inspect the surface for compliance
with the requirement of 5.4.

NOTE

100 mm diameter wheel rotating at 3 500 r/min will have a circumferential speed of 1 100 m/min.

© IS0

2004 — All rights reserved
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Dimensions in millimetres

3
®15 +1
> — 1
I an <=
2
| ] 3

Key

1 splitring
2 retaining plate or former
3 glass or njetal plates

Figure 2 — Mould for the preparation of test specimens for depth of cure, water sorption, solubility,
shade consistency and colour stability

7.6 Flexural strength

7.6.1 Apparatus

7.6.11 plit\ stainless steel mould, coated with a separating medium (e.g. 3 % solutign of
polyvinylstearyl-ether wax in hexane), as shown in Figure 3, in an appropriate mounting device.

7.6.1.2 Two glass or metal plates, of approximately 30 mm x 30 mm x 2 mm.

7.6.1.3 Small screw clamp.

7.6.1.4 Polymerization apparatus, as recommended by the manufacturer.

7.6.1.5 Oven, setat (37 £ 1) °C.

7.6.1.6 Flexural strength test apparatus, appropriately calibrated, to provide a constant cross-head
speed of (1,0 £0,3) mm/min. The apparatus consists essentially of two rods (2 mm in diameter), mounted
parallel with 20 mm between centers, and a third rod (2 mm in diameter) centered 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.

8 © ISO 2004 — All rights reserved
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Other instruments with a constant loading rate of (50 + 16) N/min may also be used.
7.6.1.7 Micrometer, with an accuracy of 0,01 mm.

7.6.2 Materials

7.6.21 White filter paper, as in 7.4.2.1.

7.6.2.2 Polyester film, as in 7.4.2.2.

7.6.2.3 Abrasive paper, between P220 and P320 according to ISO 6344-1.

7.6.2|4 Water, conforming to ISO 3696, Grade 2.

Dimensiong in millimetres

—

(=4
+l

~N

Figure 3 — Split mould for test specimens for the flexural test, made of stainless steel

7.6.3| Preparation_of test specimens

7.6.311 TypeXand Type 2, Class 1 polymer-based crown and bridge materials

Cover one\of the metal or glass plates (7.6.1.2) with the polyester film (7.6.2.2), and positign the mould
(7.6.1.%)-Upon it. Prepare the polymer-based crown and bridge material in accordance with the mianufacturer's
instruetiors—and-immediatelyplace-it-inthemouldtoa-slight-excess—Place—a-secondpiese—efPolyester film
onto the polymer-based crown and bridge 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 (7.6.1.3).

Polymerize the polymer-based crown and bridge material in accordance with the manufacturer's instructions
(7.6.1.4). 15 min after polymerization, remove the specimen and carefully remove any flash by gently abrading
with abrasive paper (7.6.2.3), avoiding touching any other surface. Store the specimen in water (7.6.2.4) at
(37 £ 1) °C (7.6.1.5) until the start of testing (7.6.4).

Prepare five specimens.

© 1SO 2004 - All rights reserved 9
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7.6.3.2 Type 2, Class 2 and Type 3 polymer-based crown and bridge materials

Use glass plates for the bottom and top plates. Cover one of the glass plates (7.6.1.2) with the white filter
paper (for Type 2, Class 2 polymer-based crown and bridge material) (7.6.2.1) followed by the polyester film
(7.6.2.2), and position the mould (7.6.1.1) upon it. Prepare the polymer-based crown and bridge material in
accordance with the manufacturer's instructions and fill the mould with the polymer-based crown and bridge
material, as described in 7.6.3.1. Place a second piece of polyester film onto the polymer-based crown and
bridge material in the mould and cover this with the second glass plate. Apply pressure to displace excess
material by means of the clamp (7.6.1.3).

Polymerize the polymer—based crown and brldge material in accordance with the manufacturers mstructlons
(7.6.1.4). Irradia g filter
paper. Irradipite the specimen from the other side. 15 min after ponmerlzatlon remove the specimen and
carefully rempove any flash by gently abrading with abrasive paper (7.6.2.3), avoiding touching™any [other
surface. Store the specimen in water (7.6.2.4) at (37 + 1) °C (7.6.1.5) until the start of testing (7.6.4):

Prepare five gpecimens.

7.6.4 Procedure
At 24 h after|the start of the preparation of the test specimens, measure the breadth and the height of thg test
specimens t¢ an accuracy of 0,01 mm. Apply the load (7.6.1.6) at a cross-head speed of (1 + 0,3) mm/min or

at a loading [rate of (50 + 16) N/min until the specimen fractures. For Type 2, Class 2 and Type 3 matgrials,
the load shall be applied on the first irradiated surface.

7.6.5 Expression of results

7.6.5.1  Calculation
Calculate thqg flexural strength, og, in megapascals, from the equation:

o ()
where
F is tHe maximum applied load, in newtons;
[ is the distance, in millimetres, between the supports, i.e. 20 mm;

b is the width of the‘test specimen, in millimetres;

h is the heightof the test specimen, in millimetres.

7.6.5.2 Tneatment of results

If at least four of the results are > 50 MPa, the polymer-based crown and bridge material complies with the
requirement of 5.5.

If less than three of the results are > 50 MPa, the polymer-based crown and bridge material does not comply
with the requirement of 5.5.

If three of the results are > 50 MPa, repeat the whole test. Only if all results are > 50 MPa on the second
occasion does the polymer-based crown and bridge material comply with the requirement of 5.5.

This treatment is summarized in Table 3.
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https://standardsiso.com/api/?name=a30f1252b9fcc3002bb06edcabb54021

ISO 10477:2004(E)

Table 3 — Treatment of results (7.6.5.2, 7.7.5.2, 7.8.5.2)

Number of complying specimens Compliance with requirement
First test
4t05 Yes
3 Repeat test
Oto2 No

Second test (repetition)

AV4

1.7

7.71

7.71
one
edge

The
hexa

7.71
crow!

[d)]

1'Co

Oto4 No

Bond strength

Apparatus

1 Mould, of stainless steel with a slightly conical bore having-a larger diameter of (5

Y
7
5
D

mould may be coated with a separating medium, e.g. @3 % solution of polyvinylstearyl
he.

2 Five metal plates, made by conventional dental laboratory techniques, of an allo
 and bridge constructions.

The plates shall have the dimensions of (20 £ 4)-mm x (10 + 1) mm x (2 £ 0,5) mm.

The {est surface shall be plane and the-finish as recommended by the manufacturer. If no spe

+ 0,1) mm at

nd and a smaller diameter of (4,9 + 0,1) mm at the other end,; and (2,5 + 0,05) mm high, with sharp

ether wax in

suitable for

cific brand is

recolnmended by the manufacturer, then the alloy or metal used shall conform with the alloys or product
groups specified in ISO 1562 or ISO\8891.

7.713 Polymerization apparatus, as recommended by the manufacturer, as in 7.6.1.4.

7.71}4 Apparatus .for thermocycling, which automatically exposes the specimen to 5 (00 cycles of
30 s fo 35 s in water at(5+ 1) °C and 30 s to 35 s in water at (65 £ 1) °C.

7.71}5 Apparatus for testing shear bond strength (e.g. as shown in Figure 4) thgt allows the
application of thé force at a distance of (0,5 + 0,02) mm from the surface of the metal plate (7.7.12).

7.7.1|6 Universal testing machine with a constant cross-head speed of (1 £ 0,3) mm/min @nd a system
to regord)the force with an accuracy of + 2 % as in 7.6.1.6. T

Other instruments with a constant loading rate of (50 + 16) N/min may also be used.

© IS0

2004 — All rights reserved
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Dimensions in millimetres

6
10 0,5 +0,02
/N /N
7 -
3 -
1 2
N
-/1//2 @ : £

Key

1 fixation sgrew
2 fixation plgte
3 plunger

4  stop pin

Figure 4 — Apparatus for testing shear bond strength

7.7.2 Materials

7.7.21 Polyester film, as in.7.4)2.2.

7.7.3 Prepgration of test.specimens

Treat the meftal platesA(7<7.1.2) as recommended by the manufacturer of the bonding system. Apply and cure
the opaque resin to.the/bonding area as recommended by the manufacturer of the polymer-based crowhn and
bridge matetfial (79%-1.3). Put the mould (7.7.1.1) onto the opaque layer with the wider opening against the
ester
film (7.7.2.1) itions
(7.7.1.3 and 9.1).

Prepare five specimens.

It is recommended that the mould (7.7.1.1) be fixed on the metal plate with the help of a clamp, so that it
cannot move when the polymer-based crown and bridge material is pressed into the mould.

7.7.4 Procedure
After curing the polymer-based crown and bridge material, carefully remove the mould and store the

specimens dry at (23 + 2) °C for (24 + 2) h. Expose the specimens to 5 000 thermal cycles of 30 s to 35 s in
water at (5+ 1) °C and 30 s to 35 s in water at (55 + 1) °C (7.7.1.4).

12 © 1SO 2004 — All rights reserved
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Remove the specimen from the water (7.7.1.4) and measure two diameters of the bonded polymer-based
crown and bridge material at right angles to each other. Calculate the adhesive surface area, 4, using the
mean diameter.

Adjust the specimen without drying in the apparatus (Figure 4) for shear testing (7.7.1.5). Take care that the
metal plate contacts the baseplate of the apparatus. Put the apparatus in the universal testing machine
(7.7.1.6) and load the specimen with a constant cross head speed of (1 £ 0,3) mm/min or at a loading rate of

(50 +

7.7.5

16) N/min and record the load, F, at break.

Expression of results

7.7.5

Calcl

wher

]

Vy

7.7.5

Repo
used

If at
requi

If les

1 Calculation

late the bond strength, B, in megapascals, from the equation:
p- L
A

aY
C

is the load, in newtons, at break;

{ is the bonded surface area, in square millimetres.

2 Treatment of results

for the test.

()

rt all values of the bond strength, in megapascals,-together with the type and trade namg¢ of the alloy

east four of the results are > 5 MPa, the(polymer-based crown and bridge material complies with the

rement of 5.6.1.

5 than three of the results are > 5.MPa, the polymer-based crown and bridge material doe

with the requirement of 5.6.1.

If thr
occa

This
If the]

eight
of thd

be of the results are > 5 MPa, repeat the whole test. Only if all results are > 5 MPa or

reatment is summarized in Table 3.

sion does the polymer-based crown and bridge material comply with the requirement of 5.6.1.

5 not comply

the second

5s than 80 %

7.8

7.8.1

7.8.1

7.8.1

7.8.1

7.8.1

7.8.1

© IS0
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manufacturer.claims a value higher than 5 MPa for the bond strength, then at least four gut of five, or
out of terif'a second series is necessary as explained above, of the results shall be not le
claimedwalue, in order to comply with the requirement of 5.6.2.

Water sorption and solubility

Apparatus

A Split rings, such as shown in Figure 2, as in 7.4.1.1.
2 Glass plates, asin 7.4.1.2.
3 Small screw clamp, as in 7.6.1.3.
4 Polymerization apparatus, as recommended by the manufacturer, as in 7.6.1.4.
5 Plastics tweezers.

2004 — All rights reserved
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7.8.1.6

7.81.7

7.8.1.8

Oven, at (37 +1) °C, as in 7.6.1.5.
Two desiccators, containing silica gel (7.8.2.3).

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

7.8.2 Materials

7.8.2.1

7.8.2.2

White filter paper, as in 7.4.2.1.

Polyester film, as in 7.4.2.2.

7.8.2.3
7.8.2.4

A

7.8.2.5

Bilica gel, freshly dried for 5 h at 130 °C.

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

Water, conforming to ISO 3696, Grade 2.

7.8.3 Prepgration of test specimens

Cover one o
photo-activaf
and position
accordance

avoiding air

bridge mater
material with
based crowrn
Class 2 and
remove both

Separate thq
thickness of
specimens,

measuremer]
calculate the
circumferena
and, using th

Prepare five

the glass plates (7.8.1.2) with the white filter paper (7.8.2.1) [for Type 2, Class 2 and Typ
ed dual cure) polymer-based crown and bridge material] followed by the polyester film (7.8
the split ring (7.8.1.1) upon it. Prepare the polymer-based crown and bridge matern
with the manufacturer's instructions and immediately placeit into the split ring to a slight ex

p 3 (if
2.2),
al in
cess,

nclusions. Place a second piece of polyester film (7.8:2.2) onto the polymer-based crown and

al in the mould and cover this with the second glass plate (7.8.1.2). Carefully extrude the e
the screw clamp (7.8.1.3). Remove the screw clamp and initiate polymerization of the pol
and bridge material in accordance with the manufacturer's instructions (7.8.1.4). For Ty
Type 3 polymer-based crown and bridge materials, first irradiate through the top glass

glass plates and the white filter paper, and-irradiate the specimen from the other side.

test specimen from the split ring, wet'grind it on both sides and polish it on felt to gloss
1,0 £ 0,2) mm with aluminium oxide,(7.8.2.4) suspended in water. To avoid contamination

handle them at all times after grinding with the plastics tweezers (7.8.1.5). Make
ts of the diameter of the specimen at right angles to each other, to an accuracy of 0,01 mm
mean diameter. Measure ‘the thickness at the centre and at four equally spaced points o

e mean thickness, calculate the volume, 7, in cubic millimetres.

fest specimens;

7.8.4 Procedure

Condition th¢ polished specimens in a desiccator (7.8.1.7) at (37 £ 1) °C (7.8.1.6). After 22 h place th

specimens ir]

asecond desiccator (7.8.1.7) for 2 h at (23 + 2) °C. Take out one specimen at a time and

cess
mer-
pe 2,
blate,

to a
bf the

two
, and
n the

e to an accuracy of 0,01'mm. Calculate the area, in square millimetres, from the mean dianeter

b test
veigh

each to an 4

ceuracvof 01 ma (789 19\ Cantinbe—thae druvina nrocedure—until the locss of masce of aae
o g9 oFtRHetHe—GHHRG Fe—dhth—te—1o0S5—o+HasSS A4

h test

uuuuuuu pProceco or—ca

specimen is less than 0,1 mg within each 24 h period, and record the final mass as m4. Store the test
specimens in 20 ml water (7.8.2.5) at (37 £ 1) °C (7.8.1.6) for 7 days. Remove each test specimen separately,
wash with water (7.8.2.5) and dab with blotting paper until free from visible moisture. Wave each test
specimen in the air for 15s 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 h period using the cycle described above. Record the final mass

Replace the silica gel with freshly dried gel after each weighing sequence (7.8.2.3).

NOTE

14

Approximately two to three weeks may be necessary to achieve constant mass.
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7.8.5 Expression of results

7.8.51 Calculation of water sorption

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

mo —m
Pws =% 3)

where

1, is the mass of the specimen, in micrograms, after immersion in water for 7 days (see.7.84);
3 is the mass of the reconditioned specimen, in micrograms (see 7.8.4);
" is the volume of the specimen, in cubic millimetres (see 7.8.3).

7.8.5|2 Treatment of results for water sorption

If at Ipast four of the results are < 40 ug/mm3, the polymer-based crown and bridge material complies with the
requifement of 5.7.

If less than three of the results are < 40 pg/mm3, the polymer-based crown and bridge matefial does not
comply with the requirement of 5.7.

If thrée of the results are < 40 pg/mm3, repeat the whole test. Only if all five results are < 40 d/mm3 on the
second occasion, does the polymer-based crown.and bridge material comply with the requirgment of 5.7,
otherwise it fails.

This freatment is summarized in Table 3.

7.8.5|3  Calculation of solubility

Calcylate the values for solubility,.p, in micrograms per cubic millimetre, for each of the five spe¢imens to the
neargst 0,1 ug/mm3 from the_equation:

Psl = ———— (4)

wher

W

m4 As\the mass of the conditioned specimen, in micrograms (see 7.8.4);

315 themass of the Tecomnditiored-specimmerT, frTmicrograms (See 7-.84);

V' is the volume of the specimen, in cubic millimetres (see 7.8.3).

7.8.5.4 Treatment of results for solubility

If at least four of the results are < 7,5 uyg/mm3, the polymer-based crown and bridge material complies with
the requirement of 5.8.

If less than three of the results are < 7,5 yg/mm3, the polymer-based crown and bridge material does not
comply with the requirement of 5.8.
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If three of the results are < 7,5 uyg/mm3, repeat the whole test. Only if at least four of the results are
< 7,5 ug/mm3 on the second occasion, the polymer-based crown and bridge material complies with the
requirement of 5.8, 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 a second
series of tests is lower than for the other tests in this International Standard. The estimation of solubility is considered to be
an essential characteristic for the quality of polymer-based crown and bridge materials.

Table 4 — Treatment of results for solubility (7.8.5.4)

Number of complying specimens Compliance with requirement
First test
4t05 Yes
3 Repeat test
Oto2 No
Second test (repetition)
4t05 Yes
Oto3 No

7.9 Shadé¢ consistency and colour stability

7.9.1 Gengdral

This test is intended to demonstrate any variation_in ‘eolour between batches (5.9), and the colour stability

(5.10) of a single batch, of a polymer-based crownand bridge material after xenon irradiation and after
sorption by comparing an irradiated specimen and a non-irradiated, water-immersed specimen with

reference specimen. Carry out the test in accordance with ISO 7491.

7.9.2 Apparatus

7.9.21 Bplit rings, such asshoewn in Figure 2, as in 7.4.1.1.

7.9.2.2 Glass plates, asin7.4.1.2.

7.9.2.3 Bmall screw clamp, as in 7.6.1.3.

7.9.24 Polymerization apparatus, as recommended by the manufacturer, as in 7.6.1.4.

water
B dry

7.9.2.5 Ovenat(37F+H*Casin

2 4
[ I

-
I

7.9.2.6 Radiation apparatus, in accordance with ISO 7491.

7.9.3 Materials

7.9.31 White filter paper, as in 7.4.2.1.

7.9.3.2 Polyester film, as in 7.4.2.2.

7.9.3.3 Aluminium oxide grinding powder, with particle size approximately 0,3 um, as in 7.8.2.4.

16
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