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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the d1fferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may

WWW.iso

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not réceived ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

This docy
7, Ophtha
(CEN) Ted
cooperati

This third
revised.

The main

A nd

lensep

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ISQ/TC 172, Optics and photonics, Subcommittee SC
Imic optics and instruments, in collaboration with the European Committee for Standdrdization
hnical Committee CEN/TC 170, Ophthalmicptics, in accordance with the Agreement onftechnical
pn between [SO and CEN (Vienna Agreement).

| edition cancels and replaces the.second edition (ISO 11979-2:2014), which has been t¢chnically

changes are as follows:

w category of simulfajiéous vision IOLs (SVIOL) is introduced for non-accommodating

exte

Diopf
requi

Resp¢

that provide simultaneous vision at multiple distances. It includes multifocal 104s (MIOL),
ded depth of focus4OLs (EDF), and full visual range IOLs (FVR).

ric power, imaging quality, and characterization clauses and annexes were modified {o include
rements for. SVIOLs.

ctive whits of mm™ and degreel were adopted for linear and angular spatial frequgncies per

nt due to

advancements in optlcal de51gns and the ava11ab111ty of modulatlon transfer functlon (MTF) imaging
quality measurement methods.

A new Annex C with associated requirements for all IOL categories has been added.

Clarified description of UV cut-off wavelength.

New references were added to the Bibliography.

Alist of all parts in the ISO 11979 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

© IS0 2024 - All rights reserved
iv


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/iso/foreword.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=7c6c2df2469de042dacd21f22a52f3f7

IS0 11979-2:2024(en)

Introduction

This document initially addressed monofocal IOLs and now includes the optical requirements and test

methods for monofocal, toric, simultaneous vision, and accommodating I0Ls. This document
provides specific test methods and requirements connected to the optical function of intraocular
some cases, test methods do not have specified requirements, including:

— the spectral transmittance test that provides information related to UV transmission and
exposure situations, e.g. when using laser light sources for diagnosis and treatment;

— optical characterization testing that informs potential optical design risks and guides potenti
investigation design.

generally
lenses. In

potential

al clinical

The specified dioptric power and imaging quality limits result from the analysis of extensive interl
testing of the original spherical monofocal I0OLs. Based on these studies, the respectiveydiopt
repeatabillity and reproducibility were about 0,5 % and 1 %, respectively, of the dioptric power as

hboratory
ric power
described

in Referefice [1]. Additionally, for IOLs in the 10 D to 30 D range, the respective expeoted imaging quality

repeatability and reproducibility were 0,09 and 0,16 modulation transfer function values as
in Referdnce [2]. For other non-monofocal IOL designs, manufacturers should “utilize mod
repeatabillity and reproducibility precision limits to establish reliable final release criteria.

During tHe interlaboratory testing, some problems were encountered with“measuring dioptric
described in Reference [1]. Specifically, the accuracy in determining dioptric power has an ery
not negligible in relation to the half dioptre steps in which intraocular lenses are commonly lab

described
bl-specific

[power, as
or that is
blled. The

dioptric gower tolerances take this fact into account. Hence the limits set may lead to some overlap into the

next labelled power, especially for high dioptre lenses. Referencé\[1] further discusses this subject
Historically, imaging quality was tested using either

a) Air Force target-based resolution efficiency, or

b) MTF psing a minimal spherical aberration model eye, or

¢) a mapufacturer-defined spherical aberration model eye using modulation transfer functi
testing.

Since the fest method with Air Force target-based resolution efficiency is not optimal for quantifyj

bn (MTF)

ing image
Air Force

contrast, pnd better methods using MFF measurements have become mainstream in the industry,
target-based resolution efficiency is’not included in this revision as a reference method. The
with manjufacturer-defined spherical aberration includes the option of having a model eye wit

odel eye
minimal

sphericalfaberration. Therefore; the original model eye with minimal spherical aberration is rem¢ved from

this document. For lensesdhat have already been approved using the measurements in the previo
it is not n¢cessary to refest these lens models with the method in this document.

Annex B describes~a(test method used to establish quality criteria for IOLs. The quality critet
consistenf I0L optical quality. This document also includes a new normative optical characteriz
(see Anngx C),'that is meant to provide preclinical assessments to inform of risks and benefits 3
with the pptical design and guide the design of the potential clinical investigation. The addition

s edition,

ia assure
htion text
ssociated
al optical

h 0 i . : 1 h 1 h IR PR | 1 o 1.1 P el 1
characterrzatromtsT cCUuUIrcua ullly 101 ITILIS TTIOUCIS LU DT dpPppPIuovEU dIlTH PpUuIICdtliUIT U LIS UUCUIIITIIL.
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IS0 11979-2:2024(en)

Ophthalmic implants — Intraocular lenses —

Part 2:
Optical properties and test methods

1 Scope

This docyment specifies requirements and test methods for certain optical properties of intraocy

(IOLs) w

‘0L’ used|throughout this document also includes phakic intraocular lenses (PIOL).

2 Normative references

The folloying documents are referred to in the text in such a way that some'grall of their content ¢
the requirements of this document. For dated references, only the edition cited applies. Foi
references, the latest edition of the referenced document (including any amendments) applies.

[SO 9334,|Optics and photonics — Optical transfer function — Definitions and mathematical relation{

[SO 9335

[SO 11979-1, Ophthalmic implants — Intraocular lenses — Part 1: Vocabulary

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

3 Terms and definitions

For the p
[SOand I

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

— IEC E]ectropedia: available at https://www.electropedia.org/

4 Requirements

41 Ge

eral
The manu;aclurer sliall assure llial llie entire range of avallatile pOWEI‘S meets Elie spec1llcatlons [

ith monofocal, toric, simultaneous vision, and/or accommodative optics. The(gerieric ¢

,|Optics and photonics — Optical transfer function — Principles and procedures of measuren

yrposes of this document, the terms and definitions given in ISO 11979-1 and ISO 9334 ag

IC maintain terminology databases for use in standardization at the following addresses

lar lenses
lescriptor

bnstitutes
undated

bhips

phent

ply.

1erein. 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 IOLs 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 or equivalent conditions following surgical
manipulation and recovery. See ISO 11979-3[3] for more details.

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

© IS0 2024 - All rights reserved
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For rotationally symmetric IOLs the manufacturer shall assure that lenses meet the requirements in all
meridians, for example by selecting an arbitrary meridian for measurement.

4.2 Dioptric power

4.2.1 General
The base power of lenses as stated by the manufacturer in the IOL labelling per ISO 11979-4 shall be

within the tolerance limits specified in Table 1. Manufacturers shall consider measurement precision when
establishing IOL release specifications.

Tablet— Tol Limi hericaldiontri s

. Tolerance limits on spherical
Nominal base power 2 . .
dioptric power
D
D
0<|S| <15 0,3
15<|S] <25 0,4
25<|S] <30 +0,5
30 < |S] +1,0
a2  The dioptric power ranges apply to positive and negative dioptiic powers.

4.2.2 ioptric power for toric IOL (TIOL)

When deflermined by any of the methods in Annex A, the spherical equivalent (SE) power shall pe within
the tolerance limits for dioptric power specified in Table 1, Additionally, the cylindrical power calg¢ulated as
the absolfite difference between the powers of the meridian of highest dioptric power and the miridian of
lowest digptric power shall be within the cylindrical pewer tolerance limits specified in Table 2.

Table 2 — Tolerance limits on cylindrical dioptric power, C

Nominal cvlindrical di . Tolerance limits on cylindri- | Tolerance limits on cylindri-
ominal cylindrical dioptric cal dioptric power cal dioptric power
power
D D D
SE<25D SE=25D

0<C=<2,5 +0,3 0,4

2,5<C<4,5 +0,4 0,4

45<¢€ +0,5 +0,5

The TIOL shall have a physical axis indicator such as a mark, engraving, or label that aligns with thg meridian
of lowest fioptric pewer and is visible to the surgeon during implantation. The angle difference befween the
physical dxis indicator and the meridian with the lowest dioptric power shall be less than or equalfto 5,0°.

4.2.3  Djioptric power for simultaneous vision IOL (SVIOL)

Methods A.3 to A.4 can be applied to SVIOLs for determining the far power and any designed distinct addition
power(s). The dioptric power of the far power shall be within the tolerance limits specified in Table 1, and
the dioptric power of designed distinct addition power(s) shall be within the tolerances in Table 3. For
SVIOLs that do not have designed distinct addition powers, the manufacturer shall develop MTF through-
focus response specifications per 4.3.4.

© IS0 2024 - All rights reserved
2


https://standardsiso.com/api/?name=7c6c2df2469de042dacd21f22a52f3f7

IS0 11979-2:2024(en)

Table 3 — Tolerance limits on addition dioptric power, A

Nominal addition di . Tolerance limits on addition | Tolerance limits on addition
ominal addition dioptric dioptric power dioptric power
power
D D D
far power < 25D far power 225D
0<A<25 +0,3 +0,4
2,5<A<45 +0,4 +0,4
4,5<A +0,5 +0,5

4.2.4 Dioptric power for accommodating IOL (AIOL)

The powe¢r associated with the far power configuration of an AIOL shall be determined byg

methods

Table 1 sh

response

simulates|

4.3

4.3.1 General

Reported
quality, a
in relatio

or more ¢
for a givejn aperture. Manufacturers shall consider measurément precision when establishing I(
specificatfions.

A method
the manuffacturer can specify an equivalent method or model eye with optical properties for the
use and d
the use th
otherwisg.

NOTE 1

under test

NOTE 2
cycles per
cycles per

Imaging quality

wherd
wherd

wherd

n Annex A. When determined by one of these methods, the dioptric power tolerancCes’sy
all apply to the power associated with the far power configuration of the AIOL. Thediopt
of the lens or system in the eye shall be determined in a theoretical or laboratory eye n
the intended accommodating mechanism of action.

imaging quality is dependent upon compatibility betweenrthe optical design, manufact
hd conditions that are used to evaluate optical perforrharice. Imaging quality shall be
h to theoretical lens performance in terms of a modulation transfer function (MTF) va
pecified spatial frequencies or the area under the"MTF curve between two spatial fr

for measuring MTF and example model €ye specifications are given in Annex B. Altq

ereof be provided. The imaging quality specifications apply to all available powers unl

The test apertures given in4:3'and in Annexes A, B, and C represent the exposed central area

Throughout this document, optical resolution is specified using spatial frequencies that are pr

degree (degree)\can be used:
the documentspecifies 100 mm-1, alternatively 30 degree! can be used;
the doeumient specifies 50 mm1, alternatively 15 degree! can be used;

the document specifies 25 mm1, alternatively 7,5 degree can be used.

ne of the
ecified in
ric power
nodel that

ured lens
specified
ue at one
Pquencies
L release

rnatively,
intended

esign. In this case, the model eye and.the method shall be fully described, and a justification for

bss stated

of the IOL

esented in

millimetre (mm1). Alternatively, equivalent values for the generally accepted vision science copvention of

If conversion back from these values in degreel to mm? is needed for different lens powers, the following
approximative conversion can be used, as shown in Formula (1)

with:

SF=s

Then:

patial frequency, expressed in degreel;

sf = spatial frequency, expressed in mm-1;
EFL(P) = effective focal length of the model eye, with an IOL with power P (in D) in place;

so that EFL(20) = EFL of the model eye with an IOL of 20 D.

© IS0 2024 - All rights reserved
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= EFL(20)/EFL(P) x SF/0,3

Other methods for converting between mm! and degree! are acceptable if justification can be provided.

4.3.2 Monofocal IOL

)

In accordance with Annex B with a 3 mm aperture, the MTF value shall at 100 mm~! meet either of the two
requirements given below:

a)
b)

20,43;

>70 9% of the theoretically attainable MTF for the nominal lens design, but in any case =0,28.

433 T

In accord
4.3.2 shal

434 S

The SVIO
model def

a)

b)

for fa
to 10
2,5m

for le
recor
smalll

The mant
the curve
specificat
distinct a
under the

43.5 A

The requ
with the ¢
over this

43.6 C

Lenses c

pric IOL (TIOL)

hnce with Annex B using a model eye with IOL configuration, the MTF requirements de
| apply to the meridians of highest and lowest dioptric power.

multaneous vision IOL (SVIOL)

. imaging quality specifications shall be evaluated by MTF testifig using the method
cribed in Annex B for the following conditions:

 dioptric power, record MTF at 25 mm-1 and a second spatialfrequency in the range fror
D mm-! for small and large apertures. The small apertureé/diameter shall be selected frof
m, or 3,0 mm. The large aperture diameter shall be selected from 4,0 mm, 4,5 mm, or 5,0

ns designs that have one or more designed distinct addition powers, for each additi
d MTF at 25 mm and a second spatial frequen¢y in the range from 50 mm to 100 n

facturer shall have the option of setting-the minimum MTF specification based on the
between the two spatial frequencies ot on the MTF value for each individual spatial frg
ion describing the MTF through-fegus response shall be developed for designs with no
ddition power(s). The MTF shall be =70 % of the theoretically attainable MTF for the l¢
defined test conditions.

ccommodating IOL (AIOL)
rements given in 432 shall apply at the far power configuration and configurations 4

lesigned range of-accommodation. Measurements shall be obtained in 0,5 D or smaller iy
range if appljeable.

bmbination of optical principles

aperture. The small aperture diameter shall:be selected from 2,0 mm, 2,5 mm or 3,0 mn[.
a

scribed in

5 and eye

h 50 mm!
n 2,0 mm,
mm.

bn power,
hm-! for a

ea under
quency. A
designed
ns design

ssociated
crements

ed in the

Tmbining optical principles shall meet applicable test requirements such as describ

following|examples.

For toric simultaneous vision and toric accommodating lenses, the general imaging requirements in 4.3.3
apply along with the test requirements in 4.3.4 and 4.3.5, respectively.

For simultaneous vision accommodating lenses the imaging test requirements of 4.3.4 and 4.3.5 apply.

4.3.7 Exceptions

If the criteria specified in 4.3.2 through 4.3.6, for reasons of theoretical limitation, cannot be applied to
negative, low, or high power lenses in conjunction with the model eye described, the manufacturer shall
justify any alternative spatial frequencies and criteria.

© IS0 2024 - All rights reserved
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4.4 Optical characterization

Optical characterization shall be performed in accordance with the methods described in Annex C. The
optical characterization contributes to the assessment of potential risks and benefits associated with
the optical design and shall serve as input for the design of a potential clinical investigation. The optical
characterization does not have quantitative pass/fail criteria.

4.5 Spectral transmittance

4.5.1 Measurement of spectral transmittance

The spectral transmittance in the range 300 nm to 1 100 nm shall be recorded by a spectrophotometer
with a 3 mm aperture under simulated in situ conditions or corrected for specular reflection if measured
in air. Thg measurement should be accurate to +2 % transmittance and the resolution should-be-<p nm. The
test specimen shall be either an actual IOL or a flat facsimile of the IOL optic material, hdaving a|thickness
equal to the centre thickness of a 20 D spherical equivalent IOL and having undergone the same pfoduction
treatmenf as the finished IOL including sterilization.

NOTE For toric lenses, an IOL of SE = 20 D with lowest available cylinder or equivalentmon-toric IOL caj be used.

4.5.2 (Cpt-off wavelength

The UV cyt-off is the wavelength in nanometres at which the spectral transmission is < 10 % when measured
according to 4.5.1.

NOTE Guidance for measuring spectral transmittance can be found ih ISO 18369-3; see Reference [4].

© IS0 2024 - All rights reserved
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Annex A
(normative)

Measurement of dioptric power

A.1 General

Multiple 1

and requ

described in this annex.

For all 10

that has g peak wavelength within #10 nm of 546 nm having a full width at half maxinium of 20 n
For the methods in A.3 and A.4, an aperture of 3,0 mm * 0,1 mm in diameter is used:

NOTE 1

NOTE 2

aperture, ¢tc.) can be used to quantify the focal length of negative and low dioptric power IOLs.

A.2 Determination of dioptric power by calculation from measured dimensio}

A.2.1 Procedure

Measure

meter, interferometer, or optical coherence tomograph’(OCT), see Reference [6]. Measure the lens
with a mifrometer or equivalent device. Calculate-the dioptric power, using Formula (A.1):

D =Dt +Dy, =(t / mor ) D¢ Dy,

under in

NyoL,

NOTE 1

NOTE 2

rements for monofocal toric, 51multaneous v151on and accommodatlng lOL measuney

s, the value of dioptric power is defined at in situ conditions (see ISO 11979-1)for a lig

For more details about optical measurement and calculations, see Reference([5] or similar textbook

A modified bench (e.g. additional converging lens, a microscope%objective of appropriate

ditu conditions, where

is the dioptric power of the IOL;

is the dioptric pewer of the front surface of the 10L;
is the dioptric,power of the back surface of the I0L;
is the céntral thickness, in metres, of the 10L;

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

T methods

nents are

ht source
m or less.

5 on optics.

numerical

the optical surface radii of curvature over a region of approximately 3 mm diameter usinjg a radius

thickness

(A1)

”

l:‘ e ln f/\ 1\ £+ v\wr\‘: rradtao octbha Glhiolr 1o Aot o
Oty S TS Ot e T e et astrnt— e e S e Hatott

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

Calculate D¢ from Formula (A.2):

D¢

=(MoL, —Mmed ) / T

© IS0 2024 - All rights reserved
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where

Nped

I
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is the refractive index of the surrounding medium;

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

Calculate Dy, from Formula (A.3):

Nmed —Mior,) /Ty (A.3)

Dy, =(

where ry is the surface radius of curvature, in metres, of the back surface of the IOL.

NOTE 3
NOTE 4

NOTE 5
decimal pl

NOTE 6
that the tw
of the two

Use np,.4
dioptric p

If the mea
apply pro

A22 A

This metH

A.3 De
or effec

A3.1 P
The meth

situ conditions with proper adjustments.

The back
incident o

The effect
light incid
see Refer

These formulae assume that there is exact alignment of front and back surfaces along the gptica

HCe.

If the lens material is flexible, appropriate care is taken when measuring the two lens surfaces

surfaces will affect the results.

ower in situ, D, o, from Formula (A.1).

per corrections to calculate the corresponding values at'in situ conditions.

pplicability

od as described is only applicable to rotationally symmetric spherical monofocal IOL de

fermination of dioptric powern by calculation from measured back focal
Live focal length

rinciple

pd described in A.3 assuumes measurement in air but is applicable to measurement at sin

focal length (BELYis the distance from the back vertex of the IOL to the focal point with pa
n-axis upon the lOL. This method has historically been used to measure monofocal lense:s

ive focaldength (EFL) is the distance from the second principal plane to the focal point wit
ent onsaxis upon the IOL. EFL can be measured with an optical bench equipped with a n
bnce [5].

AL 1 : =1 1 1 1 : o 1 1 : :
VWILITTCSPTUL LU LT HICIUCTICC U ITZIIL, 4 CONIVEX T dUTUS 1S PUSILIVE dIIU 4 COIILAVE TdUTUS IS TICEdLIVE.

axis.

SO 18369-4l7] describes a method that can be used to determine ny,;, which should Beknown tp the third

to ensure

o surface measurements are consistent with each other. Any flexing of the lens‘between the meajsurements

= 1,336, and the dimensions and refractive index of the IOL under in situ conditions to ¢btain the

sured dimensions and the refractive index of the IOL wetre not obtained under in situ cpnditions,

igns.

length

hulated in

rallel light
in air.

h parallel
bdal slide,

Both met

NOTE 1

NOTE 2

= 1 1 1 e i 1 1 1 11 1
TI0US LAl DT USTU WIITIT AP pPIUpPIIdiT CUTTCULIUILS dI'T HIdUT d5 UTSLTTUCU DTIUVY.

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”.

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.

© IS0 2024 - All rights reserved
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A.3.2 Apparatus

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

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

b) aspatial frequency target such as the U.S. Air Force 1951 Resolution Target, see Reference [8], diffusely

illum

inated by a light source in the focal plane of the collimator;

c) anaperture stop of 3,0 mm * 0,1 mm placed maximally 3 mm in front of the IOL being measured;

d) asurrounding medium of air;

e) a midroscope objective with a numerical aperture greater than that of the test system and
magnifying x10 to x20;

f) an eyp-piece magnifying about x10.

NOTE 1

objective df appropriate numerical aperture can be used.

NOTE 2

The micr
determin

A33 P

A3.31

A.3.3.2

A.3.3.3

distance from the back vertex of the IOL to thésfocal point is the back focal length, BFL, of the IOL.

If focusin,

cut-off frgquency shall be used. Otherwise, focusing is done at a spatial frequency of 0,3 * 0,04 of {
frequency of the IOL. The procedure.given here assumes that measurement is done in air at norm4

condition
different

in situ copditions, with apprepriate changes in the calculations.

A.3.3.4
given by |

~A,H

where n

NOTE 1

NOTE 2

To measure a focal length longer than the testing apparatus, an additional converging lens or 1
It is a matter of convenience whether to use a straight bench or employ amirror as illustrated in

ed with a precision of 0,01 mm.

rocedure
Mount the IOL on the optical bench just behind the3 mm aperture.
Focus the microscope at the back surface of the IOL and note the position of the microsca

Focus the microscope at the image_of‘the target and note the position of the micros

g is done using a USAF target-element, the group/element that is closest to 0,3 of the

5 of a laboratory. The_calculations assume that the dimensions of the IOL are not ag
inder in situ conditions. Should that not be the case, BFL is measured with the IOL under

Calculate the{distance from the back vertex of the IOL to the back principal plane of t

ormula {Ay4):

" =(Df /D) (Mmea /MioL, ) te

fapable of

hicroscope

Figure A.1.

scope is connected to a position measuring device so that its pesition along the optical akis can be

pe.

rope. The

OL's MTF
he cut-off
1 ambient
preciably
simulated

he I0L, as

(A.4)

oq = 1 for measurement in air.

A,H” is a vector that can be positive or negative depending on lens shape. The quantity -A,H” is added to
BFL as correction.

This correction does not apply to EFL.
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8


https://standardsiso.com/api/?name=7c6c2df2469de042dacd21f22a52f3f7

IS0 11979-2:2024(en)

_/

e
scope body
scope objective

m aperture
ator doublet

Key

1 eyepi
2 micro
3 micro
4 I0L

5 3,0 m
6  collim
A.3.3.5

9 )EZ 12
10

7  mirror

8 target

9  dichroic filter

10 condenser lens system
11 light source

12 retro-reflecting mirror

Figure A.1 — Optical bench with IOL

V/RY
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1 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, as given by Formula (A.5):

—Def

=—LSA/2

(A.5)

where LSA is the longitudinal spherical aberration, expressed in millimetres. It is permissible under
this document to calculate Def by other procedures, such as those available in optical design calculation
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programmes and raytrace software, provided that the correctness of the programme has been verified.
Alternatively, the LSA may be measured directly by wavefront mapping technology.

NOTE1 The user of this document is referred to the optics literature for methods on how to calculate LSA, see
Reference [5].

NOTE 2  Defisavector that can be positive or negative. The quantity —-Defis added to BFL (or EFL) as a correction.

A.3.3.6 If BFL is measured, calculate EFL as follows in Formula (A.6):
EFL=BFL—A,H" (A.6)

Calculatefhe paraxial focal length j (In metres), using Formula [A.7]:

f =EFL—Def (A7)

A.3.3.7 [Paraxialfocallength, f, is converted to dioptric power, D (in reciprocal metres), using Fornjula (A.8):

D=ngeq / f (A-8)
wheren|4=1.

A.3.3.8 [LCompute the conversion ratio, Q, using Formula (A.9):

@=D{qnom / Dairnom (A.9)
where D} ,om and Dy, o, are the respective dioptric powers calculated in situ and air from Formplae (A.1),

(A.2) and|(A.3) using nominal dimensions for the IOL, n§t4 = 1 and the appropriate value for nyg; ..

med ~

A.3.3.9 Finally calculate the dioptric power in situ, D,,, using Formula (A.10):

Daq ={Dair @ (h.10)

NOTE If measurement of BFL (or EEL)is made at simulated in situ conditions, n_ .4 = 1,336 in Formulae (A.2),
(A.3), (A.4] and (A.8). Formula (A.8) then)gives directly D,,.

A.3.4 Applicability

This method is, as describgd, applicable to rotationally symmetric [OLs.

A.4 Determination of dioptric power from measured magnification

A.4.1 Principle

The concept of lens power relates to the image magnification of a lens. 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 with the following modifications:
a) atarget with a measurable repeating pattern such as the U.S. Air Force 1951 Resolution Target

b) an eye-piece with some means, such as a reticle, to measure the corresponding linear dimension in
the image.

© IS0 2024 - All rights reserved
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A.4.3 Procedure

Determine the linear dimension, h

target Of the target.

Determine the focal length, F, of the collimator.

NOTE1 These two determinations need not be repeated every time.

NOTE2  Theratio F/h, .4 could be obtained by measurement of calibrated lenses in lieu of the IOL.

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

Focus the microscope on the image and measure the linear dimension, h; in the image.

Focusing |s done at a spatial frequency of 0,3 * 0,04 of the cut-off frequency of the IOL.
Calculatef|the effective focal length (EFL) of the IOL, by using Formula (A.11):

EFLH (F / htarget )‘himage (

Add the gpherical aberration corrections from Formula (A.5) to EFL using Formula (A.7) to d
paraxial focal length, f,;, and continue to calculate the dioptric power in.air and aqueous acg
Formulae|(A.8), (A.9), and (A.10).

image’

A.4.4 Applicability

This method is as described applicable to rotationally symmetrig [OLs.

A.5 Determination of dioptric power and errorin axis for TIOL

A.5.1 Ggneral
For toric [OLs, the methods in this Annex allow the determination of the dioptric power of the

meridiang with the highest and lowest dioptric power and the measurement of the alignment g
marks with the meridian with the lowest dipptric power.

A.5.2 Without the use of a null iens

For toric

a)

b)

OLs, the dioptric powers.in the two principal meridians are determined as follows:

If defermined in accordance with A.2: calculate the dioptric powers from measured d
(inclyding radii) of the®Pwo principal meridians;

\.11)

btain the
ording to

principal
f the axis

mensions

If defermined 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 tH
targef are alighed in such a way that a sharp image is perceived;

e applied

nification

If detletmined in accordance with A.4: calculate the dioptric power from the measured mag
rincipal meridians. 1 ne principat meridian under measurement and tne appiied

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

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

The cylindrical power (CYL) is determined as follows:

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

© IS0 2024 - All rights reserved
11

target are


https://standardsiso.com/api/?name=7c6c2df2469de042dacd21f22a52f3f7

IS0 11979-2:2024(en)

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

The null lens is a lens that compensates for the astigmatism of the TIOL. The cylinder axis of the null lens
is aligned with the corresponding principal meridian of the TIOL. The lens power and position of the null
lens are chosen such that the lens combination of the null lens and the IOL creates a sharp image of the
2-dimensional target. First, the lens power of the uncorrected principal meridian is determined by either
method in A.3 or A.4, and then the position of the null lens is measured. The cylinder power can then be
calculated from the cylinder power of the null lens and its location relative to the TIOL principal plane of the
corrected principal meridian using the lens combination formula, see Reference [5].

A54 D

A54.1

The error
image for
principal

A.5.4.2

The error
the angle

TIOL. Thg smaller of these is the error in the axis.

NOTE

A.6 De

Two alterjnative methods for the determinatien of dioptric power can be applied to SVIOL (A.3
Measurerhents are done for apertures at 3;00mm * 0,1 mm. Due to the complexity of the optic suj

method d
formulae
justify c

IOLs. If t

should be

manufact

For each flear image plane, these methods are modified as follows:

a)

b)

9

Detejmination of dioptric power from measured back focal length (A.3): The microscope is fir

on th
and s

|etermination of error in axis for TIOL

Determination of error in axis without a null lens

in the axis is determined using either of the methods A.5.2 b) or A.5.2 €).\When a bej
the low power meridian is perceived, determine the angle between the correspond
direction and the toric indicators. This angle is the error in the axis.

Determination of error in axis with a null lens

in the axis is determined using the method in A.5.3. When a-focused image is perceived, (
between the cylinder axis of the null lens or its orthogonal'meridian and the toric indicaf

termination of dioptric power forSVIOL

pscribed in A.2 should not be used for SVIOL. Depending on the SVIOL optic design the ¢
given in this document could be invalid. In such cases the manufacturer should d

t focused
ng target

letermine
ors of the

An error of the orthogonality between the meridians ¢flowest and highest powers will be appdrent in the
imaging quality.

and A.4).
faces, the
orrection
erive and

rections that result in_digptric powers that are consistent with power labelling of onofocal

e focusing conditions aré not appropriate for the particular design, another focusing

urer should justify.the LSA correction factor that is used.

e back Vertex of the SVIOL, and then focused on the far image plane to obtain BFL for the
ibséquently focused on the near image plane to obtain BFL for the near power.

condition

developed with justification. If the addition power of an SVIOL is not rotationally symmetric, the

bt focused
far power,

Deter

TITITTation of Aoptric power fronT measured magnification (AZ) T e microscope IS first T

bcused on

the far image plane to obtain the linear dimension h; for the far power, and subsequently focused on

image

the near image plane to obtain h; for the near power.

image

The manufacturer shall derive and apply a spherical aberration correction according to A.3.3.5.

A.7 Accommodating IOL (AIOL)

A.7.1 Mode of action

Describe the accommodative mode of action in the eye and associated test methods to demonstrate that action.
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A.7.2 Determination of dioptric power

Determine dioptric power with either of the methods described in A.3 and A.4.
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Annex B
(normative)

Measurement of MTF

B.1 General

This ann

monofocdl IOLs. Modifications required for other types of IOLs are provided at the end of this anug

B.2 Principle

The modylation transfer function (MTF) of an IOL is measured using a model eye. Alight source wj

waveleng

The moddl eye described in this Annex is used to establish quality criteria for-{0Ls by means of the]

in 4.3. No

B.3 Ap

B.3.1 Model eye

The moddl eye is defined by:

a)

f)

g)

the c
axial
takin

a valye for the Zernike coefficient c(4,0} fowithin +0,020 pm of the intended value;

NOTE

imagd falls within the liquid with which the model eye is filled.
the IQL front surface is placed_at the axial location specified in a);

the converging beam frgnpthe model cornea is stopped down to expose a central circular area
having a diameter appropriate for the test to a tolerance of +0,1 mm by means of an aperture:

— i
t

th within +10 nm of 546 nm having a full width at half maximum of 20 hin'or less is used

inference should be made to performance in real eyes.

paratus

bnverging beam of the model cornea, whenexposing a circular area of 5,15 mm # 0,10
location that is between 25 mm and 28-mm in front of the focal point of the model cor
g the refractive index of the image space'to be 1,336, produces a wavefront that is charac

1  For the calculation of the location of this plane, the model eye is assumed infinitely deep

irectly in front of the IOL or

frontefithe cornea, when testing with a diameter chosen, depending on the cornea, so as
e required central circular area of the IOL.

ith a peak

limits set

mm at an
nea itself,
erized by

5o that the

of the IOL

to expose

the difference in refractive index between the I0L and the liquid medium is within 0,005 units of that
under in situ conditions;

NOTE

2 For practical testing purposes, purified water or physiological saline can be used.

the model cornea incorporates spherical aberration as intended for the IOL design so that resulting
imaging quality is due to the I0L;

the image plane falls in air, beyond the last window.
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The materials and dimensions of a suitable model eye are described in Tables B.1 and B.2 assuming the
model cornea to be made of a material with refractive index 1,493 (PMMA).

NOTE 3 A discussion about model eyes can be found in Reference [9]. A suitable model eye is illustrated in
Figure B.1, and many other realizations are possible. With the refractive index 1,493 and the thickness 10 mm for the
model cornea, the asphericity, Q, of the front surface can be calculated from Formula (B.1):

Q=-0,9519-[c(4,0)]* +2,9567-[c(4,0)]-0,4809 (B.1)

for values of ¢(4,0) in the range from -0,2 um to +0,5 pm.

The asphericity Q is defined by the equation of a conic aspheric surface, as given by Formula (B.2):

&)
z= R (B.2)

1+\/1—(Q+1)(%T r’

where z i$ the sagittal distance from the vertex, r is the radial distance from the,centre, and R is the optical
surface r4dius of curvature.

——
——
——

Il

] — K]
-

a) Withput IOL (as described in Tables B.1 and b)»With a 30 D IOL (The central 3 mm of the IJL are ex-
B.2) posed. Note that the image plane moves closer t¢ the last
window but remains behind it.)

Figure B:1 — Model eye configuration

Talhle B.1 — Description of a model eye (with 5,15 mm aperture at surface 5) fulfillingfthe
requirements of B.3.1

Surface pumber | Surfac¢eradius |Q-value to obtain|Separation space Diameter Refractfive index
mm the desired Ze- mm mm
rnike coefficient
c(4,0)
1 19,332 Formula (B.1) 10,0 16 1,493
2 0 — 3,0 16 1,p00
3 o — ;6 32 519
4 oS — 6,25 32 1,336
5 oS} — 10,0 515 1,336
6 oS — 6,0 32 1,519
7 0 — 9,45 32 1,000
8 image plane (o0) — — — —

The model cornea (surfaces 1-2) is assumed cut from PMMA. A model cornea that meets the description in B.3.1 can be realized
in many other ways and materials, but there is none commercially available. The choice of glass for the windows (surfaces 3 and
6) is not critical.
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Table B.2 — Examples of surface number 1 Q-values calculated by Formula (B.1) to obtain selected

NOTE 4
eye with a

NOTE 5

NOTE 6
the magni
practical r

NOTE 7
surfaces.

NOTE 8
B3.2 O

The mod
requirem

With the dpparatus described, measurement can be carried out atambient temperature if the IOL df

or optica

measurerhent is carried out at simulated in situ conditions,

B.4 Pro¢cedure

Place the

that the npodel eye is well aligned with the optical axis of the bench and focused to obtain maximy
>50 mm~ using the specified aperture. Méasurements at different apertures shall be performed W
focusing Winless otherwise justified. Record the MTF values at the required spatial frequencies.

B.5 Measurement of MTF for toric IOL (TIOL)

For TIOL,

Alternatiyely, use a null lens to permit MTF measurement as a rotationally symmetric IOL.

B.6 Measurement of MTF for simultaneous vision IOL (SVIOL)

For SVIOlf imaging quality specifications, the MTF for the lens is measured under the defined test c

c(4,0) values

c(4,0) 0,000 um 0,100 pm 0,200 um 0,280 pm
Q -0,481 -0,195 0,072 0,272

A value of 0,280 pm for the Zernike coefficient c(4,0) is described in Reference [10] for an average human

6 mm entrance pupil.

The cornea of the Liou and Brennan model eye shown in Reference [11] provides a value of 0,258 pum for
c(4,0) for an entrance pupil of 6 mm, and exposes the central 5,15 mm at the plane of the front surface of its lens, with
a theoretical paraxial focus 26,3 mm behind that plane in a medium of refractive index 1,336.

Model eye 1s suitable only for an object at infinity. It 1s inadequate for objects at finite distanc
ication is not comparable to that of the natural eye. A model eye with physiological dimensionss
palization is given in Reference [9].

A model with zero spherical aberration can be considered appropriate for monofocal I0Es havin

The notation for Zernike coefficients follows ISO 24157[12],

ptical bench

bl eye is mounted on an optical bench for measurement of \MTF which shall confor
ents of ISO 9335.

performance do not deviate appreciably from thesé under in situ conditions. Othef

model eye (B.3.1) on the optical bench\(B.3.2). Ensure that the IOL is in the correct po

MTF is measured-in-the highest and lowest dioptric power meridians.

bs because
needed. A

b spherical

m to the

mensions
wise, the

bition and
m MTF at
ithout re-

bnditions.

B.7 Measurement of MTF for accommodating IOL (AIOL)

a) Modulation transfer function (MTF) testing:

Generate MTF through-frequency response curves at 3 mm aperture at the far power configuration and
configurations associated with the designed range of accommodation in 0,5 D or smaller increments;

b) MTF through-focus response testing:

Generate the MTF through-focus response of the AIOL at 50 mm~! with 3 mm (x0,1 mm) aperture at the far
power configuration. Focus to maximum MTF at 50 mm™! for an object at infinity and then measure MTF
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at positions more anterior in image space using 0,1 mm steps up to 1,5 mm The defocus steps shall also be
reported in the corresponding dioptric power increments.
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Annex C
(normative)

Optical characterization

C.1 Principle

Optical cl
optical de

The potential benefits and risks are related to the clinical attributes that the IOL is designedto j

well as to
the outco
to be stud
the guida

The claus
clinical o
Additiond
under ev3

In each c
potential
could be
performe

For preclinical assessments that include optical benchtesting, these shall be performed using the

described
a) theli

b) spect]
folloy

c¢) them
d) them
NOTE

Reference
the model

C.2 Dig

dl dULCT iLdLiUllb dI C II1CdIIt L0 illfUl IIT Uf pULCllLidl ‘Ut!llefil,b dlld I ib}\b dbbULidLUd Wil,ll LllC
sign under evaluation as well as to guide the design of the potential future clinical invg

other specific design-related aspects. Given the clinical relevance of the optical ‘charact
mes of testing performed according to this annex shall be used to include or exelude chare
ied in the potential future clinical investigation designed according to 1SQ 11979-7[13] ;
hce of ISO/TR 22979141,

bs below provide a summary of the clinical outcomes under the scopejof this Annex. Eac
itcomes can be tied to preclinical assessments, that are mentienéd in the subsequen
| testing can be considered based on the risk assessment conducted for the specific I
luation, e.g. unwanted optical/visual effect testing of SVIOLS:

hse, the performance is compared preferably to that of\the monofocal control to be uj
future clinical investigation. Optionally, other intraocular lenses of known clinical per
included in the comparison. The optical charactérization for accommodating I0Lg
H in a physical eye model, based on the mechanism-of action of the I0L.

in Annex B and modified to allow measurements in white light:
bht spectrum is covering at least thextange of 400 nm to 700 nm;

ral sensitivity of the combinationof light source, spectral filter(s), and camera sensit
 the photopic luminosity function V(A) for the eye, Reference [15];

odel eye has a physiological amount of corneal spherical aberration, Reference [10];
odel eye has a physidlogical amount of chromatic aberration, References [16] and [17].
Examples of an-alternative model eyes suitable for optical characterization can be found in 4

[18]. The design'of these model eyes, along with detailed test procedures for these model eyes, in
pye are provided in this document.

tancevision

MTF thro

particular
stigation.
rovide as
erization,
cteristics
ind under

h of these
t clauses.
DL design

ed in the

formance
shall be

model eye

vity shall

Annex C of
hddition to

ed below.
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A total of 30 lenses (10 low, 10 medium, and 10 high spherical equivalent power) shall be used. In the case
of toric IOLs, a total of 60 lenses shall be used, those representing the highest and lowest cylinder power for

each grou

p of spherical equivalent powers.

Use aperture sizes 2 mm, 3 mm and 4,5 or 5 mm (*0,1 mm). Focus to give maximum modulation ratio for a
spatial frequency in the range from 15 degreel to 30 degree! for a 3 mm aperture. Alternatively, a spatial
frequency in the range from 50 mm™ to 100 mm- may be used. For toric IOLs, MTF is measured in the
meridians of highest and lowest dioptric power. Alternatively, use a null lens to permit MTF measurement
of a toric IOL as a rotationally symmetric IOL. Report the MTF through-frequency data and the graphs

represent

ing the average MTF curves for each power and aperture tested.

© IS0 2024 - All rights reserved
18


https://standardsiso.com/api/?name=7c6c2df2469de042dacd21f22a52f3f7

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Requirements 
	4.1 General 
	4.2 Dioptric power 
	4.2.1 General 
	4.2.2 Dioptric power for toric IOL (TIOL) 
	4.2.3 Dioptric power for simultaneous vision IOL (SVIOL) 
	4.2.4 Dioptric power for accommodating IOL (AIOL) 

	4.3 Imaging quality 
	4.3.1 General 
	4.3.2 Monofocal IOL 
	4.3.3 Toric IOL (TIOL) 
	4.3.4 Simultaneous vision IOL (SVIOL) 
	4.3.5 Accommodating IOL (AIOL) 
	4.3.6 Combination of optical principles 
	4.3.7 Exceptions 

	4.4 Optical characterization 
	4.5 Spectral transmittance 
	4.5.1 Measurement of spectral transmittance 
	4.5.2 Cut-off wavelength 


	Annex A (normative)  Measurement of dioptric power 
	Annex B (normative)  Measurement of MTF 
	Annex C (normative)  Optical characterization 
	Bibliography 

