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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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INTERNATIONAL STANDARD

ISO 13116:2014(E)

Dentistry — Test Method for Determining Radio-Opacity of
Materials

1 Scope

This International Standard specifies test methods for determination of radio-opacity of a test material
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Normative references

Terms and definitions

feTence to a SPECITET Of aIr atummiTiunT standard: T e methiod s designed to aiscrim
ty at a clinically meaningful level and is not designed to take account of factors whi¢
se, inherent values of radio-opacity such as background noise, X-ray beam -power
bction and image enhancement. It is recognized that such factors can change the va
ty but not the relative ranking compared to standard thicknesses of an, internal st
iminium. This test may be performed with conventional or digital senseoring techniqy
apparatus.

following documents, in whole or in part, are normatively)referenced in this docunj
pensable for its application. For dated references, only. the edition cited applies. |
ences, the latest edition of the referenced document,(ineluding any amendments) appl

942, Dentistry — Vocabulary

B601, Data elements and interchange_foermats — Information interchange — Repré]
b and times

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

Requirements

[nternationakStandard does not set pass/fail limits for radio-opacity. If a manufacture
Lerial is radie>opaque, the radio-opacity, determined in accordance with Clause 7, shall
st equivalent to the minimum level specified in the appropriate product standard req;

Aluminium has a radio-opacity equivalent to that of dentine. Thus 1 mm of material h{

opacilty equivalent to 1 mm of aluminium has a radio-opacity equivalent to that of dentine.
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5 Sampling

The relevant product standard defines the details of the sampling procedure.

NOTE

Normal procedures are for a sample to be drawn from one batch to provide sufficient material to

complete the prescribed test. The test sample normally consists of packages prepared for retail sale.
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6 Apparatus

6.1 Suitable moulds for constructing samples of the test-material

Details of suitable moulds are specified in the appropriate product standard. Typically, moulds for
specimens suitable for use in this test have a thickness ranging from 0,5 mm to 2,5 mm with straight
right-angled edges. The specimens shall be homogenous and have a uniform thickness but the shape
and size are not critical providing there is sufficient area for a determination to be made and that the
specimens can be located near the centre of the film or sensor.

NOTE1 10 mm diameter has been found to be suitable for disc shaped specimens.

NOTE 2  Fdr highly radio-opaque materials (e.g. containing zirconia), thinner specimens up to a maxifmpim of
1,5 mm thickiness may be required; while for materials of low radio-opacity, thicker specimens may/be required.

6.2 Screw micrometer gauge, or equivalent device

Reading and accurate to 0,01 mm.

6.3 Aluminium step wedge

With purity|at least 98 % (mass fraction) of aluminium with less than 0;1°% (mass fraction) copper and
less than 1,( % (mass fraction) iron present, having a thickness rangéfrom 0,5 mm to 5,0 mm in equally
spaced steps. Measure the thickness of each step with the micrometer (6.2) to an accuracy of 0,01 mm.
There must pe less than a 0,05 mm variation in thickness over thearea of each step. The wedge must be
free standing.

NOTE The overall dimensions may be adjusted for the convenience of the user.

A thickness|difference of each step in the step-wedge,of approximately 0,5 mm is recommended.

6.4 Dental X-ray unit

With a totallfiltration of 1,5 to 2 mm aluminium, and capable of operation at (60 + 10) kV, with suj;able
accessories.The unitshallbe used in conjunction with conventional and/or digital X-ray sensoring equipinent.

6.5 DentIl X-ray sensor

NOTE One of three sensorhig techniques may be used to determine the radio-opacity of the test material.
6.5.1 Analogue sensoring

6.5.1.1 Dg¢ntal X-ray occlusal film of speed group D, E or F (as specified in ISO 3665) and frgshly-
prepared deyéleping solution and fixer prepared and used in accordance with manufacturers’ instructions.

6.5.1.2 Densitometer using white light and capable of measuring in the optical density range 0 to 3,0
to aresolution of 0,01, calibrated at zero and against a reference with optical density of (2,5 * 0,5) known
to an accuracy of + 0,01, and using an aperture of (2,0 £ 0,1) mm. The densitometer must be prepared to
be stable to + 0,01 at an optical density of (2,5 = 0,5) over 30 min or a recalibration shall be performed
before each set of readings.

6.5.2 Digital sensoring

6.5.2.1 Intra-oral X-ray sensor calibrated for use with appropriate software.

2 © ISO 2014 - All rights reserved
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6.5.2.2 Software capable of grey scale analysis with an accuracy of + 1 grey value and compatible
with the intra-oral sensor?).

6.5.3 Imaging plates

6.5.3.1 Phosphor imaging plates of a size suitable for the placement of specimens of the test material
and the aluminium step wedge (6.3)

6.5.3.2 Digital scanner compatible with the imaging plates.

6.5.3.3 Software capable of grey scale analysis with an accuracy of + 1 grey value and compatible
with|the digital scannerl)

7 Test conditions and procedures

7.1 | Test conditions

Use tlest conditions as outlined in the appropriate product standard.

7.2 | Preparation of test specimens

Preppre the test specimens according to the procedure gutlined in the appropriate produgt standard.
Meagure the thickness of all samples using the measuring device described in 6.2. There must be less
than|a 0,05 mm variation in thickness of specimens.éver the area in which the determination is to be
made. Use a specimen thickness which complies with the appropriate product standard.

7.3 | Test procedure for analogue equipment

Posiffion the X-ray source (6.4) perpendicular to the X-ray film (6.5.1.1). Place the specimen and the
alumlinium step wedge (6.3) in contact and upright, in the centre of the film.

Irradiate the specimen, aluminiuimh step wedge and film with X-rays at (60 * 10) kV at g target film
distance of 300 mm to 400, mm for such a time that, after processing, the region of film beside the
specjmen and aluminium has-an optical density of between 1,5 and 2.

NOTH Exposures of between 0,1 s and 0,4 s at 10 mA are typical.

Meagure the thickiness of the specimen (7s) and the steps of the aluminium step wedge (6.3) with the
micrpmeter (6.2)<to an accuracy of 0,01 mm. The optimal thickness of the specimen is gtated in the
apprppriate product standard.

If the¢ thickness of the specimen is in the range specified by the product standard then, after developing
and fixing the film, measure the optical density of the image of the specimen and that of each step of the
aluminium using the densitometer (6.5.1.Z).

NOTE For many materials a specimen thickness of (1,0 £ 0,1) mm is most appropriate.

Carry out three separate exposures or the number specified in the product standard if that is greater.

7.4 Test procedure for digital equipment

Measure the thickness of the specimen (Ts) and the steps of the aluminium step wedge (6.3) with the
micrometer (6.2) to an accuracy of 0,01 mm.

1) Adobe Photoshop 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.

© ISO 2014 - All rights reserved 3
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Position the intra oral X-ray sensor (6.5.2.1) or the phosphor imaging plate (6.5.3.1). Place the specimen
and the step wedge (6.3) in contact near the centre of the sensor. Irradiate the assembly with X-rays (6.4)
at a target-film distance of 300 - 400 mm. Repeat the procedure to find the appropriate exposure time
to make a clear image without too great a contrast.

Export the digital image file to the grey scale analysis software (6.5.2.2).

NOTE The number of grey shades is assessed using the measuring tool in the software. The number of grey
shades in the digital image is given by the number of binary digits (bits) used to define a pixel.

Using the grey scale analysis software, define a rectangular area to measure in the specimen image and
measure the average grey value in that area

Repeat this procedure with each of the steps of the step wedge.

Carry out three separate exposures or the number specified in the product standard if that is'greaer.

8 Treatment of results

Plot the indjvidual optical densities/grey values of each aluminium step agaihst the thickness of|each
step, (see Figure 1). Take the optical density/grey value for the specimen ofthickness T and determine
from the plgt the corresponding value of aluminium (T3).

The radio—OJzacity (aluminium equivalent) value of a specimen of 1,0 mim thickness is then given by (74/Ts).

Interpret and report the result in the manner described in the appropriate product standard.

The plot of|optical density against aluminium thickness of the step wedge shall be made for|each
radiographif exposure, since minor variations may occur-due to radiographic processing.

NOTE Itlis common to report the result with a statemient that the radio-opacity lies between x and y mm
aluminium oy between x and y % of aluminium.

Figure 1 — [Determination of radio-opacity —~Plot of optical density or grey value against alumipium
step thickngss and superimposition of a specimen reading used to determine equivalent radio-opacity.
Diagram illystrates the principle of measurement but the actual plot would cover the whole ranjge of
aluminium and specimen thicknesses.
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