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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Ra
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| as an International Standard requires approval by at least 75 % of the member bo
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2 was prepared by Technical Committee ISO/TC 172, Optics and photonics, Subcommi
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hlso incorporates the Technical Corrigendum ISO 11979:2:1999/Cor.1:2003.
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Introduction

This part of ISO 11979 initially addressed monofocal I0Ls and now has been revised to include the
requirements and test methods for spherical monofocal, aspheric monofocal, toric, multifocal, and
accommodative IOLs. This part of ISO 11979 contains several test methods for which associated
requirements are given and one test method for which no requirement is formulated. The former
are directly connected to the optical functions of intraocular lenses. The latter, the test for spectral
transmittance, has been provided for information about UV transmission and in specific situations, e.g.
when using laser light sources for diagnosis and treatment.
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the original spherical monofocal IOLs, extensive interlaboratory testing was carried
ing the limits specified. During this testing some basic problems were encountered.as’d
erence [1]. The accuracy in the determination of dioptric power has an error thatis no
elation to the half dioptre steps in which intraocular lenses are commonly labelled. T
rer tolerances take this fact into account. Hence the limits set may lead to sonpieyoverlap in
lled power, especially for high dioptre lenses. Reference [1] gives further discussion on t

majority of lenses hitherto implanted were qualified using the method described in /

out before
bscribed in
L negligible
he dioptric
to the next
his subject.

Annex B or

lex C (model eye 1). The method in Annex B is limited in its applicability, however. The li
e general method in Annex C have been setin terms of MTF in a modgl eye, following two

first is by correlation to the method and limit in Annex B. Further discussion can H
brence [2]. The second is set as a percentage of what is caledlated as theoretical maxim
gn, with the rationale that a minimum level of manufactdring accuracy be guaranteed. F
MA lenses, these two limits correspond well with each other. For lenses made of materials
active index, or with certain shape factors, or for extreme power lenses in general, the
wer than the former. However, such lenses are already in use, indicating clinical acceq
stion of which is the absolute lowest limit that\is compatible with good vision arises.

wer can be found, but following clinical data préesented to the working group, an absolute
been set for the calculation method.

its for the

proaches.
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Ophthalmic implants — Intraocular lenses —

Part 2:
Optical properties and test methods
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4.1

Scope
5 part of ISO 11979 specifies requirements and test methods for certain optical

bmmodative optics. The generic descriptor ‘0L used throughout this documentalso incly
aocular lenses (PIOL).

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated referenges, the latest edition of the
ument (including any amendments) applies.

6328:2000, Photography — Photographic materials — ‘Determination of ISO resolving pow
9334, Optics and photonics — Optical transfer function — Definitions and mathematical re
9335, Optics and photonics — Optical transfer;function — Principles and procedures of meq
11979-1, Ophthalmic implants — Intraogular lenses — Part 1: Vocabulary
11979-3, Ophthalmic implants — Intraocular lenses — Part 3: Mechanical properties and té

11979-4, Ophthalmic implants —Intraocular lenses — Part 4: Labelling and information

Terms and definitions

the purposes of thisdocument, the terms and definitions given in ISO 11979-1 and ISO 9

Requireménts

General

Thd

properties
al, and/or
des phakic

. For dated
referenced

er
jationships

 surement

st methods

834 apply.

manufacturer shall demonstrate that the entire range of available powers meets the sp4

cifications

herein. All optical properties apply at in situ conditions, either by being measured at simulated in situ
conditions, or being measured at other conditions and then corrected to in situ conditions.

For I0Ls where the optic is intended to be deformed during implantation, it shall be demonstrated that
dioptric power and imaging quality are retained at in situ conditions or equivalent following surgical
manipulation and recovery. See ISO 11979-3 for more detail.

The test methods described in this standard are reference methods. Alternative methods that produce
equivalent results to those obtained with the reference methods can be used if the manufacturer can
demonstrate that the IOLs meet the minimum dioptric power and imaging quality requirements.

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=9255df4f2f5830027e3b71d592d93304

ISO 11979-2:2014(E)

4.2 Dioptric power

4.2.1 General

The dioptric power of spherical or aspheric lenses as stated by the manufacturer in the IOL labelling shall
be within the tolerance limits specified in Table 1. For rotationally symmetric lenses, these tolerances

apply in all

meridians.

Table 1 — Tolerance limits on spherical dioptric power, S

Nommimat sphrericat dioptricpower

Foteramce timmitsomrsphrericat

rangea dioptric power
D
0<S5<15 +0,3
15<5<25 0,4
25<85<30 +0,5
30<S +1,0

a  Theranges apply to positive as well as negative dioptric powers.

4.2.2 Digptric power for toric IOL (TIOL)

When detd
and lowest
for dioptri
difference
dioptric pg

rmined by any of the methods in Annex A, the dioptric power in the meridians of higl]
dioptric power and the spherical equivalent (SE) power shall be within the tolerance liits
C power specified in Table 1. Additionally, the cylindrical power calculated as the abso
between the powers of the meridian of highestdioptric power and the meridian of lov
wer shall be within the cylindrical power tolérance limits specified in Table 2.

Table 2 — Tolerance limits‘an’ cylindrical dioptric power, C

hest

Jute
yest

Tolerancelimits on cylindrical

Tolerance limits on cylindrid

Nominal cylindrical dioptric dioptric power dioptric power
power range
b D D
SE<25D SE=225D
0<C<25 +0,3 +0,4
2,5<C<45 +0,4 +0,4
45<C +0,5 +0,5

The TIOL {
meridian o
between tH

or equal to|

5,0°.

hall have a'physical axis indicator such as a mark, engraving, or label that aligns with
flowestdioptric power, and is visible to the surgeon during implantation. The angle differe
e physical axis indicator and the meridian with the lowest dioptric power shall be less t

the
nce
han

4.2.3 Dioptric power for multifocal IOL (MIOL)

Methods A.2 to A.4 can be applied to MIOL for determining the far power and any distinct near powers.
When using A.2, dioptric power must be justified as a calculation based only on spherical surfaces. The
dioptric power of the far power shall be within the tolerance limits specified in Table 1 and the dioptric
power of the addition power(s) shall be within the tolerances in Table 3.

© ISO 2014 - All rights reserved
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Table 3 — Tolerance limits on addition dioptric power, A

. . . . Tolerance limits on addition Tolerance limits on addition
Nominal addition dioptric power dioptric power dioptric power
range
D D
D

far power < 25D far power = 25D

0<A<25 +0,3 +0,4

2,5<A<45 +0,4 +0,4

4,5<A +0,5 +0,5

4.24 Dioptric power for accommodating IOL (AIOL)

The power associated with the far power configuration of an AIOL shall be determined by
methods in Annex A. When determined by one of these methods, the dioptric power tolerance
in Tble 1 shall apply to the power associated with the far power configuration-of the AIOL. T
chapge of the lens or system in the eye resulting from the accommodative detion shall be det]
a theoretical or laboratory eye model.

4.3| Determination of imaging quality

4.3]1 General

Imaging quality is dependent upon compatibility between the optical design and conditio
usef to evaluate optical performance. Imaging quality‘can be specified either as resolution e

one of the
s specified
he dioptric
ermined in

hs that are
ficiency or

as the modulation transfer function (MTF) value at'a specified spatial frequency. Resolution efficiency

is determined according to the method described-in Annex B. MTF is measured according to {
in Annex C.

MTF determined with the method described in Annex C is dependent on the compatibility b
optjcal design and model eye that is.uSed to evaluate optical performance. For the method
in Annex C, example model eye specifications are given. Alternatively, the manufacturer can
equiivalent method or model eye with optical properties for the intended use and design.

imajging quality specifications-apply to all available powers, unless stated otherwise.

Optical resolution'is expressed in spatial frequency. In Annex B, by tradition, resolution is

he method

btween the

described
specify an
In this case

model eye and the method-shall be fully described and a justification for the use be prqvided. The

n line-pairs

per millimetre (Ip/mm)\and in Annex C in cycles per millimetre (c/mm or mm-1). In the ophthalmic literature,

cycles per degree is~often used. For the eye, assuming a nodal point distance of 17 mm in imag
conyersion betweén the two is:

c/degree < 0)297 * c/mm

NOTE-2

The test apertures given in the subclauses of 4.3 and in Annexes A, B

, and C represent
d O U UIndae c W1 [ dll d e OIT UI'E Op O [X

¥, ra

4.3.2 Monofocal lenses

4.3.2.1 General

b space, the

he exposed

Imaging quality for monofocal I0OLs shall fulfil one of the requirements in 4.3.2.2, 4.3.2.3 or 4.3.2.4.

4.3.2.2 Resolution efficiency

If determined in accordance with Annex B, the resolution efficiency of the IOL shall be no less than 60 %
of the diffraction limited cut-off spatial frequency for a 3 mm aperture. In addition, the image shall be

© IS0 2014 - All rights reserved
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virtually free of detectable aberrations except due to spherical aberration normally expected for the
lens design.

4.3.2.3 MTF using model eye 1

If determined in accordance with Annex C using model eye 1 (C.3.1), the MTF value of the model eye with
IOL configuration shall at 100 mm-1 meet either of the two requirements given below:

a) be greater than or equal to 0,43;

b) begreater than or equal to 70 % of the maximum theoretically attainable modulation for the specific
IOL defpign, but in any case be greater than or equal to 0,28.

NOTE The acceptance levels given in 4.3.2.2 and 4.3.2.3 a) correspond well with each other for PMMA lenses
in the rangg of 10 D to 30 DI[2].

4.3.2.4 MTF using model eye 2

If determirjed in accordance with Annex C using model eye 2 (C.3.2), the MTF value of the configuration
of model eye with IOL shall at 100 mm-1 be greater than or equal to 70 % of/thie‘'maximum theoretical
attainable MTF for a 3 mm aperture, but in any case greater than or equal to 0;28.

4.3.3 ToricIOL (TIOL)

4.3.3.1 (Qeneral

Imaging quality for toric IOLs shall fulfil one of the requirentents in 4.3.3.2 or 4.3.3.3.

4.3.3.2 Hesolution efficiency

When the qull lens method described in Annex B isitsed, the general resolution efficiency requiremgnts
in 4.3.2.2 shall apply to the combined system. of toric IOL and null lens.

4.3.3.3 TF

The MTF requirements described in'4.3.2.3 or 4.3.2.4 shall apply to the meridians of highest and loyest
dioptric pgwer.

4.3.4 Mltifocal IOL (MIOL)

4.3.4.1 TF

The imaging quality specifications apply in all meridians, unless the MIOL also comprises a cylirjder
component, inwhich case the considerations of 4.3.6 apply. The imaging quality of a MIOL shall be
evaluated by-modulation transfer function (MTF) testing in one of the model eyes described in Anngx C
with the following additions:

The method in Annex C is modified such that best focus for the dioptric power under evaluation is
obtained by maximizing the MTF at 50 mm~-1 with a 3,0 mm * 0,1 mm aperture. Using that focus, record
the MTF values at the following conditions:

a) small aperture (2 mm to 3 mm), 25 mm-1 and 50 mm-1, for the far dioptric power;
b) large aperture (4 mm to 5 mm), 25 mm-1 and 50 mm-1, for the far dioptric power;

¢) small aperture (2 mm to 3 mm), 25 mm-1 and 50 mm-1, for the near dioptric power(s) or power
range.

4 © ISO 2014 - All rights reserved
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In order to best control the MTF performance of the MIOL, the small and large apertures used for testing
shall be chosen and defined for the lens model over the range of apertures provided above with a tolerance
of £ 0,1 mm. The manufacturer shall have the option of setting the minimum MTF specification based on
the area under the curve between the two spatial frequencies or on the MTF value for each individual
spatial frequency. The MTF shall be greater than or equal to 70 % of the maximum theoretically
attainable modulation for the specific IOL design. Alternatively, the minimum MTF specification shall
be set such that it results in an acceptable visual outcome, verifiable, or to be verified, by clinical data.

4.3.

5 Accommodating IOL (AIOL)

Th
wit
incr

4.3

For
in 4

For

4.3

If
to
jus

4.4

4.4

The
spe
in a
tha
hay
tred

4.4

Des

trapsmission.is below 10 % when measured according to 4.4.1.

NOTI

n the designed range of accommodation. Measurements shall be obtained in 0,5 D

toric multifocal and toric accommodating lenses, the general imaging requirements for al

t
lalegative and low power lenses in conjunction with the thodel eye described, the manufag

5 + i 5 42 Lall 1 £+l o L £3 3 | £3 3
I C\.iull CIIITCIILO slVCll I T.J.4 OlldIl CllJIJl_y alt LIt 1dal l.IUVV CI LUllllsul dallivlil diiu \,Ullllsul dALIUIL]
ements over this range if applicable.
6 Combination of optical principles
.3.3 apply along with the special test requirements in 4.3.4 and 4.3.5, respectively.
multifocal accommodating lenses the imaging requirements of 4.84’and 4.3.5 apply.

7 Exceptions

e criteria specified in 4.3.2 through 4.3.6, for reasons. of theoretical limitation, cannot

ify any alternate spatial frequencies and criteria applied.
Spectral transmittance

1 Measurement of spectral transmittance

spectral transmittance in therange 300 nm to 1 100 nm shall be recorded by a
Ctrophotometer with a 3 mm aperture in aqueous, or be corrected for specular reflection i
ir. The measurement should be accurate to + 2 % transmittance and the resolution should
n 5 nm. The test specimen shall be either an actual IOL or a flat facsimile of the IOL opt
ing a thickness equal to the centre thickness of a 20 D IOL and having undergone the same
tment as the finished IOL including sterilization.

2 Cut-off wavelength

ignate UV cut-off as UV(XXX) where XXX is the wavelength in nanometres at which tl

E Guidance for the measurement of spectral transmittance can be found in ISO 18369-3:20(

associated
or smaller

principles

be applied
turer shall

UV/Visible
f measured
not beless
¢ material,
pbroduction

e spectral

6[31.
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A.1 Gen,

Annex A
(normative)

Measurement of dioptric power

ral

Multiple n
requireme
in this ann

Forall IOL{
that has aj
less. For th|

NOTE 1
on optics.

j

NOTE2 4
aperture, ef]

A.2 Detq

A2.1 Pr

Measure t

interferomieter, or optical coherence tomograph{OCT)[2]. Measure the lens thickness with a microm

or equivalg

ethods of determining IOL dioptric power are given below. The specific metheds

ex where applicable.

or more details about optical measurement and calculations, see Referernce [4] or similar textb

A\ modified bench (e.g. additional converging lens, a microscope objective of appropriate nume
c.) may be needed to quantify the focal length of negative and Tow dioptric power IOLs.

rrmination of dioptric power by calculation from measured dimension

pcedure
he surface radii over a region of approximately 3 mm diameter using a radius mg

nt device. Calculate the dioptricpower, using the Equation:
¢ +Dp = (tc /o) DeDy,

u conditions, where

dioptric power of the I0L;

dioptric power of the front surface of the 10L;
dioptricpower of the back surface of the 10L;

central thickness, in metres, of the IOL;

and

hts for spherical and aspheric monofocal, toric, or multifocal IOL measurement aré described

, the value of dioptric power is defined at in situ conditions (see ISO 11979-1)for a light soyrce
pbeak wavelength within + 10 nm of 546 nm having a full width at half maximum of 20 nr
e methods in A.3 and A.4, an aperture of 3,0 £ 0,1 mm in diameter isused.

1 Or

oks

ical

ter,
pter

\.1)

D=1
under in sit
D is thd
Df  isthd
Dy isthd
tc is thd
nior, isthe
NOTE 1
NOTE 2
6

refractive index of the IOL optic material at in situ conditions.

Formula (A.1) is often referred to as the “thick lens equation”.

In general, the value of njgL, is influenced by temperature and water uptake by the IOL optic material.

© ISO 2014 - All rights reserved
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Calculate D¢ from the Equation:

D¢ =(nyor, ~Nmed )/ T (A.2)

where
Nmed 1S the refractive index of the surrounding medium;

re is the radius, in metres, of the front surface of the IOL.

Calgulate Dy from the Equation:

Dbz(nmed_nlOL)/rb (A.3)

wheére

rp | isthe radius, in metres, of the back surface of the IOL.

NOTE3  Withrespect to the incidence of light, a convex radius is positive and a concave radius is negative.
NOTE4  These equations assume that there is exact alignment of frent and back surfaces along the pptical axis.

NOTE5 SO 18369-4:2006[6] describes a method that may béwsed to determine njgr, which should be known
to tle third decimal place.

NOTE 6  If the lens material is flexible, appropriate care must be taken when measuring the two l¢ns surfaces
to episure that the two surface measurements are consistent with each other. Any flexing of the lens between the
megsurements of the two surfaces will affect the results.

Use|nmed = 1,336, and the dimensions andurfefractive index of the IOL under in situ conditions to obtain
theldioptric power in situ, Daq, from Formula (A.1).

If the measured dimensions and the kefractive index of the IOL were not obtained under in situ conditions,
applly proper corrections to calculate the corresponding values at in situ conditions.

A.212 Applicability
Thif method as describedis applicable to rotationally symmetric spherical IOLs.

Duq to the compléxity of MIOL and TIOL optical designs, this method should be limited to|monofocal
IOL

2]

A.3 Determination of dioptric power from measured back focal length or effec-
tive focal length

A.3.1 Principle

The method described in the subclauses of A.3 assumes measurement in air, but is applicable to
measurement at simulated in situ conditions with proper adjustments.

The back focal length (BFL) is the distance from the back vertex of the IOL to the focal point with parallel
light incident on-axis upon the IOL. This method has historically been used to measure monofocal lenses
in air.

The effective focal length (EFL) is the distance from the second principal plane to the focal point with
parallel light incident on-axis upon the IOL. EFL can be measured with a nodal slide bench.[4]

© ISO 2014 - All rights reserved 7
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Both methods can be applied to IOL, MIOL, and TIOL when appropriate corrections are made as described
below.

NOTE1 The position of the focal point is dependent on the spatial frequency used to find the focal point.
It is normally not coincident with the paraxial focal point of the lens under measurement if there is spherical
aberration. The focus found is often referred to as “best focus”.

NOTE 2  BFL, EFL, and the corrections are all vector quantities. The positive direction is that of the incident
light and is measured along the optical axis.

A.3.2 Apparatus

A.3.2.1 An optical bench, e.g. as illustrated in Figure A.1, having the following features:

a) acollimator achromat which is virtually free from aberrations in combination with the)light soyrce
used, having a focal length preferably at least 10 times that of the IOL being measured;

b) a spat]al frequency target such as the U.S. Air Force 1951 Resolution TargetfZ-{see Figure .1),
diffusgly illuminated by a light source in the focal plane of the collimator;

c) anapefture stop of 3,0 mm * 0,1 mm placed maximally 3 mm in front of\the IOL being measuref;
d) asurrgunding medium of air;

e) amicrpscope objective with a numerical aperture greater thanthat of the test system and capable
of magnifying x10 to x20;

f) aneyefpiece magnifying about x10.

NOTE1 To measure a focal length longer than the testing apparatus, an additional converging lenp or
microscopelobjective of appropriate numerical aperture maybe needed.

NOTE 2 It is a matter of convenience whether to tse a straight bench or employ a mirror as illustrated in
Figure A.1.

The microgcope is connected to a position‘measuring device so that its position along the optical pxis
can be det¢rmined with an precision of'9,01 mm.

A.3.3 Procedure
A.3.3.1 Mount the IOL onthe-optical bench just behind the 3 mm aperture.
A.3.3.2 Fpcus the microscope at the back surface of the IOL and note the position of the microscopg.

A.3.3.3 Fpcus the microscope at the image of the target and note the position of the microscope. [The
distance from‘the back vertex of the IOL to the focal point is the back focal length, BFL, of the IOL.

Focusingis doneat0,3 ofthe MTF cut-off frequency. The procedure given here assumes that measurement
is done in air at normal ambient conditions of a laboratory. The calculations assume that the dimensions
of the IOL are not appreciably different under in situ conditions. Should that not be the case, BFL is
measured with the IOL under simulated in situ conditions, with appropriate changes in the calculations.

A.3.3.4 Calculate the distance from the back vertex of the IOL to the back principal plane of the IOL

8 © ISO 2014 - All rights reserved
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~AH" =(D¢ /D)-(Nmed / Mio1. ) te

where

Nmed = 1 for measurement in air.

NOTE 1
to BFL as correction.

1ISO 11979-2:2014(E)

(A4)

ApH” is a vector that can be positive or negative depending on lens shape. The quantity -A2H” is added

NOTE2—Thiscorrectiomrdoues ot apply to EFE:
1
N
N
2 |
\\' i
T
L
8 9 1 12
________________ \EL/
S =- N
-
10

Key
1 eyepiece 7  mirror
2 microscope body 8 target
3 microscope objective 9  dichroic filter
4 I0L 10 condenser lens system
5 3,0 mm aperture 11 light source
6  collimator doublet 12 retro-reflecting mirror

Figure A.1 — Optical bench with IOL

© IS0 2014 - All rights reserved
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A.3.3.5 Calculate the longitudinal spherical aberration (LSA) as the vector from the paraxial focal point
to the intersection of a meridional ray at the pupillary margin with the optical axis, and determine the
defocus (Def) caused by spherical aberration.

—Def =

~LSA/2

(A.5)

where LSA is the longitudinal spherical aberration, expressed in millimetres. This is the vector from the
back paraxial focal point to the intersection of a meridional ray at the pupillary margin with the optical

axis.

NOTE 1 reuserof thisstandardisreferred-totheopticstiteratm etHformethodsomrhowtocateatate £5¢4.
NOTE 2 It is permissible under this standard to calculate Def by other procedures, such as those avajlable in
optical design calculation programmes and raytrace software, provided that the correctness of the prograrhme
has been verified.

NOTE 3  Defisavectorthatcanbe positive or negative. The quantity -Defis added to BFL (or@FL) asa correction.
A.3.3.6 If BFL is measured calculate EFL as follows:

EFL=BFL—-A,H" (p.6)
Calculate the paraxial focal length:

f =EFLl—Def p.7)
A.3.3.7 Ppraxial focal length, f (in metres), is convertedito dioptric power, D (in reciprocal metres}, by
using the Hquation:

D:nmed /f (‘X8)
where npef = 1.

A.3.3.8 (ompute the conversion ratio,@Q, using the Formula:

Q= Daq nom / Dair,nom (h9)
where Dag hom and Dair,nemgr'e calculated from Formulae A.1, A.2 and A.3 using nominal dimensiong for
the IOL, npleq = 1 and the“appropriate value for njgr..

A.3.3.9 Fjnally ecaletlate the dioptric power in situ, Daq, by using the Formula:

Daq =00 (Al10)

NOTE If measurement of BFL (or EFL) is made at simulated in situ conditions, nyeq = 1,336 in Formulae A.2,

A.3,A.4 and

A3.4 Ap

A.8. Formula A.8 then gives directly Dagq.

plicability

This method is as described applicable to rotationally symmetric spherical or aspheric [OLs.

10
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A.4 Determination of dioptric power from measured magnification

A.4.1 Principle

The concept oflens power relates to the image magnification of alens. The principle of the focal collimator
to measure magnification to determine dioptric power is given here.

A.4.2 Apparatus

An optical bench such as described in A.3.2.1 with the following modifications:

a)
b)

A4
Det
Det
NOT

NOT

a target with a measurable linear dimension, such as the distance between two lines;

the image.

.3 Procedure

ermine the linear dimension, htarget, of the target.

ermine the focal length, F, of the collimator.

E1 These two determinations need not be repeated every timé:

E2  Theratio F/htarget could be obtained by measurement of calibrated lenses in lieu of the 10

Mount the IOL on the optical bench just behind the 3 mm\aperture.

Foc
Foc

Cal

Add
and

A4
Thi

A4

For

is the microscope on the image and measure thédinear dimension, himage, in the image.
psing is done at a spatial frequency close ta 0;3 of the cut-off frequency of the IOL.
ulate the effective focal length (EFL) ofithe I0L, f, by using the Equation:

EFL=(F /h h

target ) ‘Mimage

the spherical aberration correction from Formula A.5 to EFL to obtain the paraxial focal
continue to calculate tHe dioptric power in air and aqueous according to Formulae A.8, A

.4 Applicability
5 method as deseribed is applicable to rotationally symmetric spherical or aspheric IOL.

.5 Precision

mehofocal I0Ls, the repeatability and the reproducibility are functions of dioptric pow

exp

an eye-piece with some means, such as areticule, to measure the corresponding linnear dimension in

(A.11)

length, fuir,
9 and A.10.

er, and are

peted to be about 0,5 % and 1 %, respectively, of the dioptric powerl[ll.

A.5 Determination of dioptric power and error in axis for TIOL

A5

.1 General

The general methods A.2 and A.3 in this Annex are modified to allow measurement of the dioptric power
in the principal meridians of highest and lowest dioptric power, and allow alignment of the measurement
axis with the axis marks of the meridian of lowest dioptric power.

© IS0 2014 - All rights reserved
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A.5.2 Without the use of a null lens

For toric IOLs, the dioptric powers in the two principal meridians are determined as follows:

a) If determined in accordance with A.2: calculate the dioptric powers from measured dimensions
(including radii) of the two principal meridians;
b) If determined in accordance with A.3: calculate the dioptric powers from the measured back focal

lengths of the two principal meridians. The principal meridian under measurement and the applied

target are aligned in such a way that a sharp image is perceived;

c) Ifdetermmimedimaccordance withr A catculate thedioptricpower fronmr the reasured magmificagion
of the fwo principal meridians. The principal meridian under measurement and the applied tafget
are aligned in such a way that a sharp image is perceived.

The spherifal equivalent power (SE) is calculated as follows:

SE = (dioptiric power in high power meridian + dioptric power in low power meridian)/2.

The cylindtical power (CYL) is determined as follows:

CYL = diopfric power in high power meridian - dioptric power in low power meridian.

NOTE The methods are suitable for cylindrical powers less than 5 D.

A.5.3 With the use of a null lens

The optical bench described in A.3.2 can be modified to determine SE and CYL with the addition |of a

positive cylinder lens (null lens) placed behind or in front of'the TIOL being tested.

The null leps is a lens that compensates for the astigmatism of the TIOL. The cylinder axis of the pull

lens is alighed with the principal meridian of the TIOE meridian of the highest dioptric power. The lens

power and|position of the null lens are chosen stich that the lens combination of the null lens and|the

IOL createg a sharp image of the 2-dimensional-target. First the lens power of the uncorrected princjipal

meridian df the highest dioptric lens power-is'determined by either method in A.3 or A.4, and then|the

position offthe null lens is measured. The eylinder power can then be calculated from the cylinder power
of the null |ens and its location relative-to the TIOL principal plane of the low power meridian using|the

lens combipation Formula (4).

A.5.4 Determination of error in axis for TIOL

A.5.4.1 Determinationof error in axis without a null lens

The error ip the axisis‘determined using either of the methods A.5.2 b) or ¢). When a best focused injage

is perceived, determine the angle between the target principal direction and the toric indicators. This

angle is the¢ erroy'in the axis.

A.5.4.2 Determination of error in axis with a null lens

The error in the axis is determined using the method in A.5.3. When a focused image is perceived,
determine the angle between the cylinder axis of the null lens or its orthogonal meridian and the toric

indicators of the TIOL. The smaller of these is the error in the axis.

NOTE An error of the orthogonality between the meridians of lowest and highest powers will be apparent in

the imaging quality.
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A.6 Determination of dioptric power for multifocal IOL (MIOL)

Two alternative methods for the determination of dioptric power can be applied to MIOL (A.3 and A.4).
Measurements are done for apertures at 3,0 mm + 0,1 mm. Due to the complexity of the optic surfaces,

the

For

method described in A.2 should not be used for MIOL.

each near image plane, these methods are modified as follows:

a) Determination of dioptric power from measured back focal length (A.3): The microscope is first

b)

NOT
In s
con

NOT

NOT
cory

A.7
A.7

Des
acti

A.7

Det

focused on the back vertex of the MIOL, and then focused on the far image plane to obt
the far power, and subsequently focused on the near image plane to obtain BFL for the n

ain BFL for
ear power.

Determination of dioptric power from measured magnification (A.4): The microscopejisfi
on the far image plane to obtain the linear dimension hjmage for the far power, and su
focused on the near image plane to obtain hjmage for the near power.

E1 Depending on the MIOL optic design the correction formulas given in this/standard coul

ich cases the manufacturer should derive and justify corrections that result. in)dioptric pow!
istent with power labelling of monofocal IOLs.

E3  If the addition power of an MIOL is not centrally located;{the manufacturer should jus
ection factor that is used.

Accommodating IOL (AIOL)

.1 Mode of action

cribe the accommodative mode of action-inthe eye and associated test methods to demor]
on.

.2 Determination of dioptricpower

ermine dioptric power witheeither of the methods described in A.3 and A.4.

tst focused
sequently

1 be invalid.
brs that are

E 2 If the focusing conditions are not appropriate for the particular-design, another focusing condition
shotild be developed with justification.

ify the LSA

strate that

© IS0 2014 - All rights reserved
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B.1 Gen

Annex B
(normative)

Measurement of resolution efficiency

ral

This anney
intraocula

B.2 Prir

The resoly
frequency
aperture, s
air, and th
maximum

B.3 App
An optical

NOTE y;
aperture, ef]

B.4 Pro

B.4.1 Plalce the IOL on the optical benclrtaking care to centre it as well as possible on the optical ax

the bench.

B.4.2 By
overall balj

B.4.3 Th
are resolvg
resolved. R|

describes the principles, apparatus and methods for resolution efficiency measuremer
" lenses.
Iciple

tion limit of an IOL, expressed as a percentage of the diffraction-limited cut-off spe
of an ideal lens having the same focal length, is determined under‘defined condition|

e light source has a peak wavelength within + 10 nm of 546 nm having a full width at
pbf 20 nm or less.
aratus

bench as illustrated in Figure A.1.

\ modified bench (e.g. additional converging lefis, a microscope objective of appropriate nume
c.) may be needed to quantify the imaging quality of negative and low dioptric power IOLs.

cedure

moving the microscgpe objective, focus the image of the target to obtain the best posg

ince between codrse and fine patterns (see Figure B.1).

d withofit distortion and with the additional requirement that all coarser patterns are
efer t0,1S0 6328:2000, 5.3.5.1, regarding how to determine if a pattern is resolved.

t of

tial
5 of

urrounding medium, and wavelength. The aperture is 3,0 mm,the surrounding medium is

half

ical

s of

ible

en determine-the finest pattern (group, element) for which both horizontal and vertical lpars

hlso

B.5 Calculations

B.5.1 The spatial frequency, v, for the finest pattern resolved is calculated from the Formula:

14
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VZ(F/f)XZ[G+(E—1)/6]

where

G

denotes the group of the pattern;
denotes the element within that group of the pattern;

is the focal length, in millimetres, of the collimator;

(B.1)

E
F
f
B.5

the

whg

For

wh

B.5
cald

NOT

B.5
Thi

is the focal length, in millimetres, of the IOL;

Equation:

w=(2n-sinu)/ A

re
is the refractive index of the surrounding medium;
is the wavelength of the light, in millimetres;

is the angle between the optical axis and the margihal ray.

small angles the expression in reciprocal millimetres can be reduced to the Formula:
o=(nd)/(2)
re d is the diameter of the apertuye stop in millimetres.

3 The resolution efficiengy, RE, expressed as a percentage of the cut-off spatial fr
ulated from the Formula:

RE =100x2l 5 EW9T, (£2) ) (nd)
E In the case under consideration n =1 (air), d = 3 mm, and A = 0,000 546 mm.

4 Applicability

5 method is as described applicable to rotationally symmetric spheric and aspheric IOLs

2 The diffraction limited cut-off frequency, w, expressed in reciprocal millimetres is callculated by

(B.2)

(B.3)

bquency, is

(B.4)

hnly.

B.6 Precision

For monofocal IOLs, the repeatability and reproducibility expected with this method are 20 % and 30 %
of the cut-off frequency, respectively(2].

B.7 Measurement of resolution efficiency for toric IOL (TIOL)

The optical bench described in Annex A is modified with the addition of a cylindrical lens (null lens)
placed behind or in front of the TIOL being tested.

Alignment of the null lens’ cylindrical axis is made with an axis mark on the TIOL.

© IS0 2014 - All rights reserved
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B.8 Measurement of resolution efficiency for multifocal IOL (MIOL)

Imaging quality for MIOL is generally characterized by MTF as described in Annex C.

B.9 Measurement of resolution efficiency for accommodating IOL (AIOL)

Same procedures as with monofocal IOLs apply to AIOLs.

2 3
/ \
U \
2 3
2 — I" =
— N=:
| |
=l
I 1
|
=
s = [l e 2 2
=m =
Key
1 elem¢nt number
2 group 2
3 grou13

Figure B.1 — U.S. Air Force 1951 Resolution Target with groups 0 and 1 omitted
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Annex C
(normative)

Measurement of MTF

C.1—General

Thif annex describes the principles, apparatus and methods for MTF measurement-of 1
symmetric monofocal IOLs. Modifications required for other types of IOLs are provided at
thig annex.

C.Z Principle

Thg modulation transfer function (MTF) of an IOL is measured using &model eye. A light so

peak wavelength within # 10 nm of 546 nm having a full width at half maximum of 20 nm or |

Thd
the

C.3

C3

Modlel eye 1 has the following features:

a)

b)

c)

d)

f)

model eyes described in this Annex are tools for establishing quality criteria for IOLs b
limits set in Clause 4.3. No inference should be made to performance in real eyes.

Apparatus

1 Model eye 1

the model cornea is a lens with minimal spherical aberration similar to the one dg
Table C.1;

the IOL front surface is placéd at an axial location that is between 26 mm and 28 mm in
focal point of the model connea itself, taking the refractive index of the image space to b

the converging beantfrem the model cornea is stopped down to expose a central circulan
IOL having a diameter appropriate for the test to a tolerance of = 0,1 mm;

the IOL is placed in a liquid medium contained between two flat windows;

that under in situ conditions;

theimage plane falls in air, beyond the last window.

otationally
the end of

irce with a
ess is used.

y means of

scribed in

‘ront of the
p 1,336;

area of the

the difference in refractive index between the I0L and the liquid medium is within 0,0[05 units of

©IS

02014 - All rights reserved

17


https://standardsiso.com/api/?name=9255df4f2f5830027e3b71d592d93304

ISO 11979-2:2014(E)

A possible realization of Model eye 1 is illustrated in Figure C.1 and described in Table C.1. Many other

realization

s are possible.

—
—— ———— __I
———— ——F—]
—— ———

a) Witho

Tabld

ut IOL (as described in Table C.1) b) With a 30 D spherical IOL in place (Note 't}
the image plane moves closer to the last window
but remains behind it.)

Figure C.1 — Model eye 1 configuration
C.1 — Description of a model eye (with 3 mm aperture at surface 6) fulfilling the

requirements of C.3.1

at

model eye th
for the wind

Surface qumber Surface radius Separation space Diameter Refractive index
mm mm mm
1 24,590 5,21 16 1,620
2 - 15,580 1,72 16 1,694
3 - 90,200 3,0 16 1,000
4 o)) 650 32 1,519
5 o) 6,25 32 1,336
6 o) 10,0 3,0 1,336
7 o)) 6,0 32 1,519
8 o 9,25 32 1,000
9 image plane\(e0)
The model cprnea (surfaces 1-3) is‘a’§o-called achromat. The one described here is no longer commercially available, Hut a

at fulfils the description in C.3.1 can be built with similar commercially available achromats. The choice of g
bws (surfaces 4 ahd)7) is not critical.

lass

C.3.2 Mg

Model eye

del eye'2

D hds the following features:

a) thecor

axial location that is between 26 mm and 28 mm in front of the focal point of

)

tan

the model cornea itself,

taking the refractive index of the image space to be 1,336, produces a wavefront that is characterized
by a value for the Zernike coefficient c(4,0) to within + 0,020 um of the intended value;

b) the IOL front surface is placed at the axial location specified in a);

c) theconverging beam from the model cornea is stopped down to expose a central circular area of the
IOL having a diameter appropriate for the test to a tolerance of + 0,1 mm;

d) thelOLis placed in a liquid medium contained between two flat windows;

e) the difference in refractive index between the IOL and the liquid medium is within 0,005 units of
that under in situ conditions;

18
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